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DNA DUGNOSTICS BASED ON MASS SPECTROMETRY 



The geneiic information of all Imng organisms (e.g. animals, plants and 
microorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100.000 genes located on 24 chromosomes (The Human 
Genome. T Strachan. BIOS Scientific Ptiblishers. 1992). Each gene codes for a specific 

protein w^jich after its expression via transcription and translation, fulfills a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 
mutations and can result in proteins with altered or in some cases even lost biochemical 
activities: this in mm can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense". 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a stop 
codon and thereby leading to a truncated protein. 

More than 3000 genetic diseases are currently known (Human Genome 
Mutations. D.N. Cooper and M. Krawczak. BIOS Publishers. 1993). ;ncluding hemophUias. 
thalassemias. Duchenne Muscular Dystrophy (DMD). Huntington's E>isease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which lesult in 
genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome). Trisomy 13 (Patau Syndrome). Trisomy 18 (Edward's 
Syndrome). Monosomy X (Turner's Syndrome) and oUicr sex chromosome aneuploidies such 
as Klienfelter's Syndrome (XXY). Further, diere is growing evidence that certain DNA 
sequences may predispose an individual to any of a number of diseases such as diabetes, 
aneriosclerosis. obesit>-. various autoimmune diseases and cancer (e.g. colorectal, breast, 
ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Therefore, 
infectious organisms can also be detected and ideiirified based on their specific DNA 
sequences. 

Since die sequence of about 1 6 nucleotides is specific on statistical grounds 
even for the size of the human genome, relatively shon nucleic acid sequences can be used to 
detect normal and defective genes in higher organisms and to detecx infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and virxises. DNA sequences can 
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Specm,mctr>- 203-287 (1990); a«l P.F. C«in, "Mass Spcctromemc Techniques in 
Nucleic Acid Research.- <s^r ^n" Rr-jr n 2. 505-554 { 1 990). 

"^^'^^-^'^^^^^^'ds^ very polar biopolymers that arevervdi 
volatrfize. Consequently, mass spearometric detecuon has been limited to low nwlecuiar 
weight synthetic oligonucleotides by deiennining the mass of the pa«nt molecular ion and 
through this, confirming the ab«dy known oligonucleoude sequence, or altemativelv 
rrn '"'"It.'^"" sequence through the generation of secondan- ions (fiagment ions, via 
CID m an MS/MS configunuion uulizing, in panicular. for the ionization and volatilization, 
the method of fast atomic bombardmem fFAB mass spectrometry, or plasma desoiption (PD 
mass spectrometry). As an example, the application of FAB to the analysis of pixkected - 
dimaic blocks for chemical synthesis of oligodeoxynudeotides has been described fKdster « 
ai- Biomedical Fnvimnm^mal ^ ^ ^ ,q ^^^^^^^ 

Two more recent ionization/desoiption techniques are electrosprav/ionsprav 
(ES) and matrix-assisted laser desoiption/ionizauon (MALDI). ES mass spectiometrv has' 
heen mtroduced by Femi « oL (J . Phvs rhrm - fifi. 4451-59 (1984); PCT Application No 
WO 90/14148) and current applications aie sununarized in lecem review articles (R.D Smith 
« al.. An al, rhrm ffl. 882-89 (1990) and B. Aidrey, Electmspray Mass Spectrometry 
SpcctmvnnYFlimTr .i. I0-I8(1992)). molecular weights of a tetiadecanucleotide 
(Covey ei al. "The Detemiination of Protein, Oligonucleotide and Peptide Molecular Weights 
by lonspray Mass Spectrometry," Raoid rnmmi.nir.rinnc in m.cc c^nirm' ^ 249-256 
(1988)). and of a 21-mer (McThfHl^in FnTYTTinlngy. 121. "Mass Spectrometrv" (McCloskey 
editor), p. 425. 1990. Academic Press. New Yoric) have been published. As a mass analv»rr 
a quadntpole is most frequendy used. The determination of molecular weights in femtomole 
amounts of sample is very accurate due to the presence of multiple ion peaks which all could 
be used for the mass calculation. 

MALDI mass spectromein-. in contrast, can be particularly anraciive when a 
time-of.flight (TOP) configuration is used as a mass analyzer. The MALDl-TOF mass 
spccu-ometry has been introduced by Hillenkamp et al. TMatrix Assisted UV-Laser 
Desorpuon/Ionizaiion: A New Approach to Mass Spectrometry of Large Biomolecules." 
fli o l ogicnl Ma^S S l ?CCimmff[r>- (Burlingame and McCloskey. editors). Elsevier Science 
Publishers. Amsterdam, pp. 49-60. 1 990. ) Since, in most cases, no multiple molecular ion 
peaks arc produced with this technique, the mass spectra, in principle, look simpler compared 
to ES mass spectrometry. 



.Although DNA molecules up lo a molecular weight ot 410.000 dalions have 
desorbed and volatilized (Williams « aL "Volatilization of High .Molecular Weight 
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DNA by PuU«i U«r AbUto of Fn.=„ Soludons," Ssiaa Jlfi 15,5 
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2!^ ,W,U,«„ „ at. Tin»<f.Fiitf, M«s Sp«™«ov of Nucleic ActbTll 
AbUuon a.^ .oni^on ftom . F™z«, A,u.o„. Mart,- »^Hr ^'^t m 

'° ^'^'^'''^'''•''•'^''«'^l««i"sm«»n.,*chd««B„„dcic 
ffl«uo„^ Maas sp«.am^ d««tio. i. „bi.vcd b>- inco,po™i„g i„«, n^iTST 
-onu wtach nonnaUv do », occur „ DNA s«± a. S. Br. I or A^ Au. Pc Os. T 

oarticuu . ^ specmmu^ric p^cesses for detecting a 

detected the processes can be used, for exan^ileT to diagm^e (e.g. prenatally or pos,«iaIly) a 
20 8"-d««^orchron,oson«Iabnon„^i^;ap«dis^^^^^^ 

obesity. arthe„,sde,osis. cancer), or irfcction bj- a pathogenic organism (e.g. vim. bweri 
^ue or fi«gt«); or to provide information relating .0 identity. hcredit>.. or compatibUitv 
(e-8- HLA piwnotyptng). 
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In a first embodiment a nucleic acid molecule containing the nucleic acid 
sequence to be detected a.e. Ae uirget) is initially immobilized to a solid support 
Immobilization can be accomplished, for example, based on hybddizaUon between a ponion 
of the target nucleic acid molecule, which is distinct fmm the target detection site and a 
capture nucleic ac.d molecule, which has been previously immobilized to a solid support 
Altemanvely. immobilization can be accomplished by direct bonding of the target nucleic 
acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic acid 
molecuie» between the target nucleic acid molecule and the support. A detector nucleic acid 
molecule (e.g. an oligonucleotide or oligonucleotide mimetic which is complementan. to 
the target detection site can then be contacted with the otrgci detection siie and formation of a 
duplex, indicating the presence of the target detection site can be detected bv mass 
spectrometrj , In preferred embodimems. die target detection site is amplified prior to 
detection and the nucleic acid molecules are conditioned. In a fimher prefetied embodiment 
the target detection sequences are arranged in a format that allows multiple simultaneous 
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detections (multiplexing^, as well as panUld processing using oligonucleotide anavs ("DNa 
chips"). • 

In a second embodiment, immobilization of ihe target nucleic acid molecule is 
an opuonal rather than a required step. Instead, once a nucleic acid molecule has been obtain 
from a biological sample, the target detection sequence is amplified and directiv detected b>- 
mass spectromeir>-. In preferred embodiments, the target detection site and/br the detector ' 
oligonucleotides are conditioned prior to mass spectrometric detection. In another preferred 
embodtmcm. the amplified target detection sites are arranged in a format that allows multiple 
simultaneous detections (multiplexing), as well as parallel processing using oligonucleotide 
anaysrONA chips"). 

In a thhd embodiraenL nucleic acid molecules which have been tepiicated 
from a nucleic acid molecule obtained from a biological sample can be specifically digested 
usmg one or more nucleases (using deoxyribonucleases for DNA or ribonucleases'for RNA) 
and the fragments capmred on a solid support carrying the coitesponding complememary 
sequences. Hybridization events and the acnial molecular weights of the capwred target 
sequences provide infoimadon on whether and where mutations in die gene are present The 
anay can be analyzed spot by spot using mass spectrometry. DNA can be similarly digested 
usmg a cocktail of nucleases including restriction emlonucleases. In a preferred embodiment, 
the nucleic acid fragments are conditioned prior to mass spectrometric detection. 

In a fourth embodiment, at least one primer widi 3* terminal base 
complementarity to an allele (mutant or nonnal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates arc used in separate 
reactions to ftmiish a distinct extension of the primer. Only if the primer is appropriatelv 
annealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometr>'. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a portion 
of the target nucleic acid molecule, which is distinct from the target detection site and a 
capture nucleic acid molecule, which has been previously immobilized to a solid support. 
Alternatively, immobilization can be accomplished by direct bonding of the target nucleic 
acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic acid 
molecule).between the target nucleic acid molecule and the support. A nucleic acid molecule 
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acid molecule (T). which has been obtained fixiin a biological sample. A specific capture 
sequence (C) is anachcd to a solid suppon (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize «,ith a complementaiy sequence on the target nucleic acid 
molecule (T). known as (he target capnire site (TCS). TTie spacer (S) facilitates unhindered 
hybndizauon. A detector nucleic acid sequence (D). which is complementary to the TDS is 
then contacted with die TDS. Hybridization between D and the TDS can be detected bv mass 
spectrometry. 

FIGURE IB is a diagram showing a process for performing mass 
specirometric analysis on at least one ouget detection site (here TDS 1 and TDS 2) via direct 
linkage to a solid suppon. The target sequence (T) containing the target detection site (TDS 

1 and TDS 2) is immobilized to a solid suppbrt Via the formation of a revetsiWe or ' • " ' 
iireversible bond formed between an appropriate functionality (L*) on the target nucleic acid 
molecule (T) and an appropriate functionaiiiy (L) on the solid support. Detector nucleic acid 
sequences (here Dl and D2). which are complementary to a target detection site (TDS I or 
TDS 2) are then contacted with the TDS. Hybridization between TDS 1 andDl and/or TDS 

2 and D2 can be detected and distinguished based on molecular weight differences. 

FIGURE IC is a diagram showing a process for detecting a wildtvpe (Dwt) 
and/ or a mutant (DmW) sequence in a target (T) nucleic acid molecule. As in Figure 1 A. a 
specific capture sequence (C) is attached to a soUd support (SS) via a spacer (S). In additioo. 
the capwre sequence is chosen to specifically interact with a complememary sequence on the 

target sequence (T). the target capure site (TCS) to be detected Uirough hybridization. 
However, if the target deteoion site (TDS) includes a mutation. X. which changes the 
molecular weight, mutated target detection sites can be distinguished from wildtype by mass 
spectrometr>'. Preferably, the detector nucleic add molecule (D) is designed so that the 
mutttion is in the middle of the molecule and therefore would not lead to a stable hybrid if 
the wildtype deteaor oligonucleotide (DW) is contacted with the target detector sequence. 
e.g. as a control. The rauuuion can also be detected if the mutated detector oligonucleotide 
(Draui) with tiie matching base at the mutated position is used for hybridization. If a nucleic 
acid molecule obtained from a biological sample is heterozygous for the panicular sequence 
(i.e. contain both Dwt and Dmut). both D^t and Dmui will be bound to die appropriate strand 
and the mass difference allows both D« and Dmui to be detected simultaneoush . 

FIGURE 2 is a diagram shouing a process in which several mutations are 
simultaneously detected on one target sequence by employing corresponding detector 
oligonucleotides. The molecular weight differences between the detector oligonucleotides 
DI . D2 and D3 must be large enough so diai simultaneous detection (multiplexing) is 
possible. This can be achieved eitiier by the sequence itself (composition or lengtii) or by tiie 
introduction of mass-modift ing functionalities Ml - M3 into the detector oligonucleotide. 
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FIGURE 7A is a diagram showing a process for performing mass 
spectrometric analysis on one target detection site (IDS) contained within a target nucleic 
acid molecule (T). which has been obtained from a biological sample. A specific capture 
seqtience (C) is attached to a solid support (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize with a complementary sequence on T known as the target 
capnire site (TCS). A nucleic acid molecule that is complementary to a portion of the TDS is 
hybridized to the TDS 3* of the site of a mutation (X) within the TDS. The addiuon of a 
complete set of dideoxynucleosides or 3'-deoxynucleoside triphosphates (e.g. pppAdd, 
pppTdd. pppCdd and pppGdd) and a DNA dependent DNA poiymexase allows for the 
addition only of the one dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to X. 

FIGURE 7B is a diagram shpwing a process for performing mass 
spectrometric analysis to determine the presence of a mutation at a potential mutation site 
(M) within a nucleic acid molecule. This format allows for simultaneous analysis of both 
alleles (A) and (B) of a double stranded target nucleic acid molecule, so that a diagnosis of 
homo^gous normal, homozygous mutant or heterozygous can be provided. Allele A and B 
are each hybridized with complementary oligonucleotides ((C) and (D) respectively), thai 
hybridize to A and B within a region that includes M, Each heteroduplex is then contacted 
Sdlh a single strand specific endonuclease. so that a mismatch at M. indicating the presence 
of a mmation. results in the eleavage of (C) and/or (D). which can then be detected by mass 
spectrometry. 

FIGURE S is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at opposite 
locations (e.g. the SP6 and the T7 promoter). This format is particularly useful for detecting 
heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA polymerase 
both strands could be transcribed separately or simultaneously. Both RNAs can be 
specifically capnired and simultaneously detected usirig appropriately mass-differentiated 
detector oligonucleotides. This can be accomplished either directly in solution or by parallel 
processing of many target sequences on an ordered anay of specifically immobilized 
capturing sequences. 



FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6. 7 and 8 can be specifically digested using one or more ribonuclcascs and ihc fragments 
captured on a solid suppon carrying the corresponding complementar>- sequences. 
Hybridization events and the actual molecular weights of the captured target sequences 
provide information on whetiier and where muuuoiis in the gene are present. The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected by 
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FIGURE 19 is a graphic icprescmaiion of various processes for perfonning 
apolipoprotein E genotyping. 

nOURE 20 shows the nucleic acid sequence of nonnal apolipoprotein £ 
(encoded by the E3 allele) and other isotypes encoded by the E2 and E4 alleles- 

FIGURE 2 1 A shows a composite resiricuon pattern for various genotvpes of 
apolipoprotein E. . 

FIGURE 2 1 B shows the restriction pattern obtained in a 3.5% MetPhor 
Agarose Gel for various genotypes of apoUpopiwein E ' • 

• FIGURE 21C shows the restriction pattern obtained in a 12% poivacrvlamide 
gel for various genotypes of apolipoprotein E. 

nGURE22A is a Chan showing the molecular weights of the 9 1 83 r> 4« 
and 35 base pair fragments obtained by restriction enzyme cleavage of the E2. £3 and E4 
alleles of apolipoprotein E. , 

ncURE 22B is the mass spectra of the restriction produtt of a homozygous 
c4 ^lipoprotein E genotype. 

HGURE 23A is the mass spectra of the restriction prod'uct of a homozygous 
E3 apolipoprotein E genotype. 

FIGURE 23B is the mass spectra of the restriction produa of a E3/E4 
apolipoprotein E genotype. 

FIGURE 24 is an autoradiograph of a 7.5% polyacrylamide gei in which ! 0% 
Om)ofeachPCR was loaded. SamakM:pBR322^/«/ digested: ^mnl.. - HBV positive 
m serological analysis: saaiBlti: also HBV positive: safflBltti: without serological analvsis 
but with an mcreased level of transaminases, indicating liver disease: samnl..4 - HBV 
negative: s a mnlc j: HBV positive by serological analysis: samnl#fr HBV negative (-) 
negative control: (+) positive control). Staining was done with etfaidtum bromide. 

FIGURE 25A is a mass spectrum of sample 1. which is HBV positive. The 
signal at 20754 Da represents the HBV related PCR product {67 nuclcoudcs. caJculaied mass 

20735 Da). The mass signal at 1 0390 Da represents the (M-2H]> signal (calculated 10378 
Da). 

FIGURE 25B is a mass specmim of sample 3., which is HBV negative 
corresponding to PCR. serological and dot blot based assays. The PCR product is generated 
only m trace amounts. Nevertheless it is unambiguously detected at 2075 1 Da (calculated: 
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FIGURE 32 shows a spec™ obtained from two pooled LCRs m which onlv 
salmon spenn DNA used as a negative controL onJy oiigo A could be detected as 
expected. 

5 

FIGURE 33 shows a spectrum of two pooled positive LCRs (a). The 
purification was done «.idi a combination of ultrafUiration and streptavidin DvnaBeads as 
described in the tea. The signal at 1 5448 Da represents the ligation produa ('calculated 
15450 Da). The signal at 7527 represents oligo A (calculated: 7521 Da). TTie signals at 3761 
10 Da IS the IM+2H]> signal of oligo A. whereas the signal at 5 140 Da is the fM*3H]> signal 
of the ligation product. In b a spectrum of two pooled negative LCRs (without template) is 
shown. The signal at 75 1 4 Da represents oligo A (calculaad: 752 1 Da). 
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FIGURE 34 is a schematic presentation of the oligo base extension of the 
mutation detection primer b using ddTTP (A) or ddCTP (B) in the reaction mix. respectively 
Tlw theoretical mass calculation is given in parenthesis. The sequence shown is pan of the ' 
exon 1 0 of the CFTR gene that bean the most common cystic fibrosis muation AF508 and 
more rare mutations AI507 as well as lIe506Ser. 

FIGURE 35 is a MALDI-TOF-MS spectra recorded directly ftom precipitated 
oligo base extended primers for mutation detection. The spectia on tiie top of each panel 
(ddTT? or ddCTP. respectively) show die amiealed primer (CF508) witiiout ftmhcr extension 
reaction. The template of diagnosis is pointed out below each spectra and the 
observed/expected molecular maiss are written in parenthesis. 

FIGURE 36 shows tiie poitibn of Uie sequence of pRFcI DNA. which was 
used as template for PCR amplification of unmodified and 7Hlea2apurine containing 99-mer 
and 200.mer nucleic acids as well as tiie sequences of tiie l9-primers and die two 18-mer 
reverse primers. 

FIGURE 37 shows die ponion of the nucleotide sequence of M 1 3mpl 8 RFI 
DNA. which was used for PCR amplification of.unmodified and 7-dea2apurine containing 
103.mer nucleic acids. Also shown are nucleotide sequettces of die i 7.mcr primers used "in 
the PCR. 

FIGURE 38 shows die result of a polyacrylamide gel electrophoresis of PCR 
products purified and concentrated for MALDI-TOF MS analysis. M: chain lengdi maricer. 
lane 1 : 7sleazapurine containing 99-mcr PCR product lane 2: unmodified 99.m"er. lane 3: 
7slea2apurine containing 103-mer and lane 4: unmodified 103-mer PCR product. 
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wa«,w oui wiui 0 -I -P]-labeled pnmers I and 4. Lanes 1 and . - 



I and 4: 
counts) and lanes 5 and 



counts). 
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5 unmodified and 7-dcazapurine modified 20O.mer (71123 «d 39582 
6: umnodified and Tsleazapurine modified 99.mer { 1 73216 and 94400 

FIGURE 40 a) MAJLDI-TOF ma« u 

•u ^ I uns J 1 7tj u. Mass resoiuuon: 18 b> Mai ni toc 

jiM»u)is JI72j u. Massresoludon: 67. 

olcuUttdforlhetwosaiBlcaMds: 30224 u md J0750 u. ««of»>enas« 

FIGURE42: •) MALM-TOF n« speqmn of Ihc «™»dilW -^1.^™ 
^.(s«nof30«n^*o.sp«.,. Ti.^v„„,„a«„r^n^" 

::rr:^tr::::r.tL:LTor.^~^ 

6.5.4 «,U 6,«3 „. MB. «o.Z°^3r f" *c ~o =^ s«„d„6,77; „ .„d 

.OO.m„PCR ^"^'^^ '""'^°"OF«-»sp«:o™of7^^„eco„„i„i„, 
'r"^'" "'^"■"^ The m«n value of d» ™,s«s ciculld 

of U,. PCR.p™du« «er hydrol>* pnn,.,^|«„g.. The mean v.l« „fu„ 

^Uulaced for .he n.o .u^U s^d, (25,04 u and 25:29 „, is 25167 u. The m«„ value of 

tne Cleaved pnmers (5437 u and 3918 u) is 5677 u. 

FIGURE 44 A-D shows the MaLDI-TOF mass spectrum of the four 
sequencing ladders obtained from a 39-mer template (SEQ. ID. No. 13). wh.ch was 

r^Tr"^""''"'^""''"'^^^^^^^^^^ ^ •4-merpr,mer(SEQ. ID NO. .4, 
was used in the sequencing. 
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FIGURE 45 sho^v5 a MALDI-TOF mass spectrum of a solid siaie sequencing 
of a 78.mer tempUte (SEQ. ID. No. 1 5). which was immobilized to strcpuvidin beads via a 
3' biotinylaiion. A l8-mer primer (SEQ ID No. 16) and ddGTP were used in the sequencing. 

FIGURE 46 shows a scheme in which duplex DNA probes with single- 
stranded overhang capture specific DNA templates and also serve as primers for solid state 
sequencing. 



FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5' 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3* biotinyiated Ig-mer (SEQ. 
ID. No. 20), leaving a S-base overhang, which capnired a IS-mer template (SEQ; ID. No.. 21 ). 

FIGURE 48 shows a suicking flutogram of the same products obtained from 
the reaction described in FIGURE 35, but run on a conventional DNA sequencer. 

Detailed Dgseriprion nf the iTivgntinti 

In general the instant invention provides mass spectrometric processes for 
ileiecting a particular nucleic acid sequence in a biological sample. Asiised herein, the term 
"btologicai sample" refers to any material obtained from any Uving source (e.g: human, 
animal, plant, bacteria, fungi, protisL virus). For use in the invention, the biological sample 
should contain a nucleic acid molecule. Examples of apptopriate biological samples for use 
in the instant invention include: solid materials (e.g tissue, cell pdlets. biopsies) and 
biological fluids (e.g. urine, blood, saliva, amniotic fluid, mouth wash). 

Nucleic acid molecules can be isolated from a particular biological sample 
using any of a number of procedures, which are well^own in the art. the particular isolation 
procedure chosen being ^propriate for the panicular biological sample. For example, freeze- 
thaw and alkaline lysis procedures can be usefiil for obtaining nucleic acid molecules from 
solid materials; heat and alkaline lysis procedures can be useful for obtaining nucleic acid 
molecules from urine: and proteinase K extraction can be used to obtain nucleic acid from 
blood (Rolff. A et al. PCR: Clinical Diagnostics and Research. Springer ( 1 994)). 

To obtain an appropriate quantity of a nucleic acid molecules on which lo 
pertbrtn mass spectromctr\-. amplification may be necessary. Examples of appropriate 
amplification procedures for use in the invention include: cloning (Sarabrook et al.. 
.Molecular Cloning : A Laboratory Manual Cold Spring Harbor Laboratory Press. 1989). 
polymerase chain reaction (PCR) (C.R. Newton and A. Graham, PCR. BIOS Publishers. 
1994). ligase chain reaction (LCR) (Wiedmantu M.. et. aJ.. (1994) PCR Methndfi App ) Vol. 
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3.Pp. 57-64; P B^yProc.^fat^.AcadSciL'SAMs igo o- moo, 
ampliflcauon (SDA) (G. Walker T ' 

0 metaJ surfaces ,«ecl. gold silver aI,Zr ' «^ 

pUtes),: or pins or combs Jc^^ simi^ " "'"^"^ 

' -eenacapr:^:::^:^^^^^^ 

«d a co^plemen^^ nucleic a^sequcnce iL^^^^L T"'"^ ^ *^ 
molecule concaining the nucleic JTJ^ I «id 

uuuing uwnucieicacui sequence to be detected fFIGURP J c u 
bybndiation benM>en th* /^—i '*«vica triuuKt I A). So thai 

sZ^t "r^. hcnc. ™ ov„„rjz:^;^«. 

suppon-bound capnire base sequence. " 

n»ss spccirom«r>' (i.e.. a photoc cavable bond such ac , 

bond fo™^ t^«„ ^^'^^^'^^-^'^^^^ 

be foniied u.4.1, r • k--- ' «»d>«ls). Funhermore. the linkage can 
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Desorpuoo car. occur either by the heat acated by the laser puhe and/or. depeadine on L ' bv 
specific absorpnon of lawr energy which is in resonance with the L- chromophore." 

^y^J'^f^^Pl*- the L-L-cheoKstry can be ofatjT^ of disulfide bo^ 
(cheimcaUy deavablc. for example, by mereapioethanol or dithioervihrol) a 

biotin/stitptavidin system, a hctembifunctional derivative of a tritvl* ether eroup (KSster et 

oL. "A VersatUe Acid-Labile Linker for Modification of Synthetic Biomolecuies " 

TmhcdTrnirmm IL, 7095 ( 1 990)) which can be cleaved under mildly acidic condiuons as 

well as under conditions of mass spectmmetiy. a levulinyl group cleavable under abnost 

neutral conditions with a hydrazinium/acetate buffer, an arginine-anrinine or Ivsine-lvsine 

bond cleavable by an endopeptidase enzyme like aypsin or a pyrophosphate bond cleavable 

by a pyrophosphatase, or a ribonucleotide bond in between the oUgodeoxvnucleotide 

sequence, which can be cleaved, for example, by a ribonuclease or alkali. 

Tlie fimctionalities. L and L." can also fomi a charge transfer complex and 
hereby form die temporary L-L' linkage. Since in many cases the "charge-transfer band" can 
bedetenmned by UV/vis spectrometp. (see e.,. Qr.^;. ri.^. t^,.^^,^^,^.^^.^ ^ 
Fost«. Academic P«s. 1 969). the laser energy can be tuned to the corresponding energy of 
the charge-transfer wavelength and. thus, a specific desorpdon off the solid support can be 
uunated. TTiose skilled in the an will ««,pii« that several combinations can serve this 

purpose and that the donor fwiciionality can be dther on the solid support or couple 
nucleic acid molecule to be detected or vice versa. 

In yet another approach, a reversible L-L' linkage can be generated bv 
homolytically forming relatively stable radicals. Under the influence of the laser pulse 
desorption (as discussed above) as well as ionization will take place at the radical position, 
Tlipse skilled in the an will recognize that oUier organic radicals can be selected and that in 
relation to the dissociation energies needed to homolytically cleave the bond between them a 
corresponding laser wavelength can be selected (see e.g. Reacriv. MnU...i., bv C. Wentnip. 
John Wiley & Sons. 1984). 



An anchoring function L' can also be incorporated into a target capturing 
sequence (TCS) by using appropriate primers during an amplification procedure, such as 
PCR (FIGURE 4). LCR (FIGURE 5) or transcription amplification (FIGURE 6A). 

Prior to mass speciromenric analysis, it may be uscfiil to "condition" nucleic 
acid molecules, for example to decrease the laser energy required for volaiization and/or to 
•nmimize fragmentation. Conditioning is preferably performed while a target detection site is 
immobilized. An example of conditioning is modification of die phosphodiesier backbone of 



wo 96/29431 



-18- 



PCT/DSj«/03«5i 



10 



15 



10 



the nucleic acid molecule (e.g. caiioo exchange), which can be useful for eUminafing peak 
broadening due to a heterogeneitx- in the cations bound per nucleotide unit. Contacting a 
nucle,c acid molecule vAih an alkylating agent such as alkvliodide. iodoacetamide fl 
lodoetbanol. or 2J-epoxy-I-propanol. the mcnothio phosphodiester bonds of a nucleic acid 
molecule can be tnmsfotmed into a phosphotriester bond. Likewise, phosphodiester bonds 
may be transformed to uncharged derivatives employing trialkylsiivl chlorides. Further 
comliuomng involves incorporating nucleotides which reduce sensitivin- for depurination 
(fragmentation during MS) such as N7- or N9sleazapurine nucleoUdes. or RNa building 
blocks or using oligomurleodde triesters or incorporating phosphorothioatc functions which 
are alkylated or employing oligonucleotide mimetics such as PNA. 

For certain applications, it may be usefbl to simultaneously detea more than 
one (mutated) loci on a particular captured nucleic acid ftagment (on one spot of an aiiay) or 
.t may be useful to perform parallel processing by using oligonucleotide or oligonucleotide 
mitnettc arrays on various solid supports. "Multiplexing" can be achieved bv several 
diflferent methodologies. For example, several mutations can be simultaneously detected on 
one target sequence by employing corresponding detector (probe) molecules (c g 
oligontieleoudes or otigonudeotide mimetics). However, die molecular weight differences 

between the detector oligooucleotides DI. D2 and D3 must be large enough so that 
simultaneous detection (multiplexing) is possible. Tlus can be achieved either bv the 
sequence itself (composition or length) or by the introduction of mass-modifying 
functionalities M 1 - M3 into the detector oIigonucleotide.(nGURE 2) 

Mass modifying moieties can be attached, for instance, to either the 5 -end of 
the oligonucleotide (M 1 ). to the nudeobase (or bases) (M^. M^). ,o the phosphate backbone 
(MJ), and to the 2'.position of the nucleoside (nucleosides) (M4. m6) or/and to the terminal 
3 -posiuon (M3). Examples of mass modifying moieties include . for example, a haloaen. an 
aado. or of the type. XR. wherein X is a linking gitHip and R is a mass-modifving 
fimaionalit>-. The mass-modifying functionality can thus be used to introduce defined mass 
increments into the oligonucleotide molecule. 

^ Here the mass-modifying moiety. M. can be atuched cither to the nudeobase. 

M- (m case of the c7.dcazanuclcosides also to C-7. M?). to the triphosphate group at the 
alpha phosphate. M^. or to (he 2 -posiuon of the sugar ring of the nucleoside triphosphate. 
M and m6. Furthermore, the mass-modifying functionality can be added so as to affect 
chain termination, sudi as by attaching it to the 3 -position of the sugar ring in the nucleoside 
inphosphate. M:>. For those skilled in the art. it is clear that many combinations can ser%'e the 
purpose of the invention equally well. In the same way. those skilled in the art will recogmze 



WOM/29431 



-19- 



PCT/DS9«I>3«5I 



Uiat chain-clongatiag nucleoside triphosphates can also be mass-modified in a similar fashion 
with numerous vanations and combinations in funciionalit>- and atiachmem positions. 

Without limiting the scope of the invention, the mass^nodification. M. can be 
mtroduced for X in XR as well as using oligowpolyethylene givcol deri^•a^ives for R The 
ntass-modtfymg increment in this case is 44. i.e. five different mass-modif.ed species can be 
geneiaiedbyjustchangingmfrom0xo4ihusaddtngmassuniisof45(m=0) 89im=|) 133 
(ni-2). 177 (m=3) and 221 (m-4> to the nucleic acid molecule (e.g. detector oligonucleotide 
fD) or the nucleoside triphosphates (HGURE 6(C)). tespectivdy). TTte olieo/polvethvlene 
glycols can also be monoalkylated by a lower alkyl such as methvl. ethvL propvl isopropvl 
t-butyl and the like. A selection of linking functiooaUti«. X. are also illusuated Other " 
chemistries can be used in the mass-modificd compounds, as for example, those described 

Q l igonuc l cnririn anri ^nalngiiri ft Prnrrirnl ^mm nr h . F. Eckstein, editor iRl 
Press. Oxford. 1991. 

In yet another embodimenu various mass-modifying functionalities. R. other 
than ohgo/polycihylenc glycols, can be selected and attached via appropriate linking 
Chemistries. X. A simple mass-modification can be achieved by substituting H for halogens 
like F. CL Br and/or I. or pseudohalogens such as SCN. NCS, or by using different alkyl aryl 
or aralkyl moieties such as methyl, ethyl, propyl, isopropyl. t-butyl. hexyU phenyl, substituted 
phenyl. ben2y 1. or functional groups such as CHiF. CHF-», CF-;. Si(CH3 )3, 
Si(CH3)2(C2H5). Si(CH3XC2H5)2. Si(C2H5)3' Yet an^er mass-moification can be 
obtained by attaching homo- or heteropeptides through the nucleic acid molecule (e.g. 
detector (D» or nucleoside triphosphates. One example useful in generating mass-modified 
species with a mass increment of 57 is the attachment of oligoglvcines. e.g.. mass- 
modifications of 74 (r=Um-0), 131 (i-l.m=2). 188 (r=l.m«3'). 245 (t«1. m=4)are 
achieved. Simple oligoamides also can be used. e.g.. mass-modifications of 74 (t=! . m=0). 
88 (r=:. ra-0). 102 (r=3. m-0). 1 16 (r=4. m-0), etc. are obtainable. For those skilled in the 
art. it will be obvious that there are numerous possibilities in addiuon to those mcmioned 
above. 

As used herein, the superscript O-i designates i - I mass difTereniiaied 
nucleotides, primers or tags. In some instances, the superscript 0 can designate an 
umnodifted species ot a particular rcactanL and the superscript i can designate the i-th mass- 
modified species of that reactant. If. for example, more than one species of nucleic acids are 
to be concurrently detected, then i - I differem mass-modified detector oligonucleotides (DO. 
D -...Di) can be used to distinguish each species of mass modified detector oligonucleotides 
^D) from the others by mass spectrometn-. 
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sunultaneousJy detect all possible variams/mutams simuitancouslv (RGURE 6B) 
Alternatively, all four base pemtutations at the site of a mutation can be detected bv 
designmg and positioning a detector oligonucleotide, so that it serves as a orim., f« 
^ ^NA/KNApo.ytner3serFIOURE6C,Pore^le.„^ . 
wcorporated during the amplification process. 

"^^^''^^^^"ff^nc multiplex detection format in which 
dtflfetemtanon u accomplished by employing different specific capmre sequences which are 

sequences Tl -Tn are pteseoLthetr target capwre sites TCSl - TCSn will specific^ 

b3o I>««io„isac^eved 
byemploymgappropnatelyn«ssdiffe«,tiateddc,ec«oroU .d„ ^hichL 

nussdiffercnciated either by their sequences or by mass modifying ^^^^ 

^o^H . J^^"^ ^trometer fomtats for use in the invention are matrix 

desorptK^n .onizauon (MALDI), electrospray (ES), ion cyclotron resonance 

«^(>U>I)andth«massanalyzedbyaquadr^ 

peaks wbch can beobtamed using ES mass spectrometry, can incnrase the accuJvof the 
mass determination. Even more detailed itrfocmation on the specific structure can 'be 
obtained using an MS/MS quadrupole configuration 

In MALDI mass spectrometry, various mass analyzers can be used, e g 

rM^Mc.T"""^"'' '"^^^ '"^'^ ^P'« ^^^^^ ""Ode " 

(MS/MS). Founer transfom, and time-of-fligh, (TOP) configurations as is known in the art of 
mass spectrometry. For the desorption/ionization process, numerous matrix/laser 
comb.nat.ons can be used. Ion-trap and reflectron configurations can also be employed. 

The mass spectrometric processes described above can be used, for example 

to d.agnose any ofthe more than 3000 genetic diseases currently known <e.a hemophilias ' 
thalassemias. Duchenne Muscular Dystrophy (DMD). Humington s Disease iHD) 
Alzheimer's Disease and Cystic Fibrosis (CF)) or to be identified. 

The following Example 3 provides a mass spectrometer method for detecune a 
mwat.on ,aF508) of the cystic fibrosis transmembrane conductance regulator gene ,CFTR)" 
wh.ch differs by only three base pairs f 900 daltons) from die wild type of CFTR gene .-.s 
<lescnbed further in Example 3. the detecdon is based on a single-tube. competitive 



wo 9609431 



-21- 



1*CT/DS96/03<51 



10 



IS 



Oligonucleotide single base extension (COSBE) reaction using a pair of primers vdrh the 3'. 
tenninal base complementary to either the nonnal or mutant allele. Upon hvbridizaiion and 
addition of a poiymerase and the nucleoside triphosphate one base downstream, onlv dtose 
Primeis properly annealed (Le.. no 3'.teiminal mismatch) are extended: products are resolved 
by molecular weight shifts as detemuned by matrix assisted laser desorption ionization time- 
of.flight mass spectrometn.% For the cysUc fibrosis AF308 polymoiphism. 28Hner noraial* 
(N) and 30^ 'mutanf (M) primers generate 29. and 3 l-mers for N and M homozvgotes. 
respectively, and both for heterozygotes. Since primer and product molecular weights are 
relatively low (<10 kDa) and the mass difference between these axe at least that of a single ^ 
300 Da nucleotide unit low resolmion insnunentation is suitable for such raeasuremenu. 

In addition to mutated genes, which result in genetic disease, certain biith 
defects an: the result of chromosomal abnormalities such as Trisomy 2 1 (Downs Svndromeu 
Trisomy 13 (Patau Syndrome), Trisomy 1 8 (Edward's Syndrome). Monosomy X (Turaer's 
Syndrome) and other sex chromosome aneuploidies such as KUenfelier's Syndrome (XXY). 

Fuither. there is growing evidence that certain DNA ^fences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis, 
obesity, various autoimmune diseases and cancer (e.g. .colorectal, breast, ovarian, lung); 
chromosomal abnomiality (eidier prenatally or postnatally); or a predisposition to a disease or 
condition (e.g. obesity, artherosclerosis. cancer). Also, the detection of "DNA fmgerprinls". 
e.g. polymorphisms, such as "raicrosatellite sequences", are useful for determiniog identity or 
^'w^'y (e g. paternity or nutemity). 

The following Example 4 provides a mass spectometer raediod for identifying 
any of the three different isoforms of human apolipoprotein E. which are coded by the E2. E3 
and E4 alleles. Here the molecular weights of DNA fragments obtained after restriction with 
appropriate restriction endonucleases can be used to detect the presence of a mutation. 

Depending on the biological sample, the diagnosis for a genetic disease, 
chromosomal aneuploidy or genetic predisposition can be preformed either pre- or post- 
natal! v. 
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Viruses. bacteria.7ungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Detecting 
or quandtating nucleic acid sequences that are specific to the infectious organism is imponam 
for diagnosing or monitoring infection. Examples of disease causing viruses that infect 
humans and animals and which may be detected by the disclosed processes include: 
Retroviridae (e.g.. human inimunodeficiency vinises. such as HIV- 1 (also refcired to as 
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HTIV-rn. LAV or HTLV-UW.AV. S„ L. « t. Vol 513 ^ 

( 1985): Wai„ Hobson. S c aL Vol 40: Pp. 9.,7 (,„sThX ' « r ' 

^voL 3a,. Pp. Pa«,;';"L'r;;'^,tr"'^ 

a>akial»niclal..,VWe.Vol.32!.Pp.543.547(IM7, ,„HC " "-"S-O. 
94/0O5/?'> »/ , « (taiemanonal Publicaiion No. WO 

v™B«.h^,A«™s.(G«.,i)..„,J.;„.„ U7,.V,3v'r 

hu«», „ vin^e. h™oW™«. I IZL 

' '^^"^'''•'■^vi^^.onc.pk.u^^^ 

*''«»»>™iK(e.g,HaiiuanvinMs.bmtavinis« ofclrf^v >-°=«™«). 
viri4«/1»m~k. . ™*'"'^P'^"niMMdNairovini«s):Aiiia 
^ (tanorta.^ v„^„: yi«,.«^ ^^^^ 

CMV). h«p« v„««.,; ,«riol. ™«,. ^ ^JT^^ 

.... A«c.„ ^ ^ ^ ^ ^ 

^^ofSpo^,fom,«„.ph„,p.*i„.^.^,„f^,„ 

-™«lly««smia«,:cla«2.p.™,,,,,,,««^^,^ 
mattd viniKs. and asDoviniscs). 

'»<«ri" include: 

S«p,oc«cus,. 5„ep«coccu. aja,.„ia, ,0™^, B S«p,oc.ca«,. S^o,o,,„ ^^^dans 
g«.up^ S,rep,ococcus fi.,ca,.s. S,rep.ococcus «„w. a„;„„.occu> ,.,u«bic ,ps , 

LeptosptrcL and Actinomyces israelii. 
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Examples of infectious fungi include: Cryprococcus neo/ornums. His^oplasnu, 
<'fP^"i-'^'^CoccMdesimmuis. Blastomyces de^^^ 

Caruiida albicans. Other infectious organisn^ (i.e.. p„Hisis) include: Piasmodiun, 
falciparum md Toxoplasma gondiL 

m«hoH rh ^""r' P"'^*^ ^ ^^^d PCR and mass spectrometer based 

r^^Z "^"^ ^ '"^^^ "'^-l «-P««- Sin.ilarly 

^vTI'^r^ ~ "^^^ ^ ^"^^>- A virus 

(HAV) and other hepaoiis viruses (e.g.. non-A-oon-B hepatitis, hepatitis G. hepatits E) 
cytomegalovirus, and herpes simplex vims (HSV)) can be deteaed each alone or in 
combination based on the methods desciibetl heicin. . 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
can be used to detect normal and defective genes in higher organisms and to detect infectious 
microotganuans (e.g. bacterisL fungi, protists and yeast) and vimses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species 
rrtompson. J.S. and M.W. Thompson, eds.. toctic. in Mrdirias. W.B. Saumiers Co..' 
Huladelphia.PA(I986). 



One process for detecting a wildtype (Dwi) and/ or a muumt (Dmut) sequence 
.n a target (T) nucleic acid molecule is shown in Figure IC. A specific capture sequence (C) 
.s attached co a solid support (ss) via a spacer (S). In addition, the capture sequence is chosen 
to specifically interaa with a complementary sequence on the target sequence (T). the target 
capture site (TCS) to be detected through hybridization. However, if the target detection site 
(TDS) mcludes a mutation. X. which increases or decreases the molecular weight, mutated 
TDS can be distinguished from wildtype by mass spectrometry. For example, in the case of 
an adenine base (dA) insertion, the difference in molecular weights between Dwt and Dmut 
would be about 314 daltons. 

Preferably, the detector nucleic acid (D) is designed such that the mutation 
would be in the middle of the molecule and the flanking regions are shon enoueh so that a 
suble hybnd would not be formed if the wildtype detector oligonucleotide (Dwt) « contacted 
with the mutated target detector sequence as a control. The mutation can also be detected if 
the mutated detector oligonucleotide (Dmut) with the matching base at the muuted position 
.s used for hybridiration. If a nucleic acid obtained from a biological sample is heterorvgous 
for the particular sequence (i.e. contain both Dwt and Dmut). bodi DwT and Dmut will be 
bound to the appropriate strand and the mass difference allows both Dwt and Dmut ^ be 
detected simultaneousiv. 
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The process of this invention nukes nf ti.- u- 
For «™plc. „ sbown i„ nGUR£ J. ™scripd„„ of a ,uddc .^d^i . . 

U»»« rcfercnc.. i^ued p««,„. p^„^ ^ ^.^^ 
UKOTporaied by reference. f "j^iy 



Example I 
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I g CPG (Controlled Po« Glass) was ftmctionalized with 3-(triethoxysilyl). 
^xypropan to ton. OH-groups on the po.y.er surface. A standard oligonucleotide 
synihests wtth b mg of the OH-CPG on a DNA synthesizer (Milligen. Model 7500) 

r/ol°r"i rr*"'''"''"'''"""'*"'" ^^^^^^^ « ^ - r« • i^. 4539 

( ^94)) and TAC N-ptoteai„g groups fKdster et al.. Tetrahedron. iZ. 362 f 1 98 1 )) was 
perfonned to synthesize a S'-TjoOmer oligonucleotide sequence in which 50 nucleotides are 
complen,entax>-.oa>pothetical"50merseq^^^^ T, serves as a spacer. Deprotect,on 
with saturated anunonia in methanol at room temperature for 2 hours furnished according to 
^ detcnn,nat.on of the DMT group CPG which contained about 10 umol 55mer,g CPG 
4^.'r'l""^ " hybridizations with a 26mer (with S'-DMT group, and a 

40nter(w.thoutDMT group). The reaction volume .s .00 ul and contains aboutTrnTo. CPG 
bound j^taer as template, an equimolar amount of oligonucleotide in solution (26mer or 
40men m 20mM Tris-HCI. pH 7.5. 10 mM MgCI, and 25mM MaCI. The mixture was 
heated for 10' at 65oc and cooled to 37-C during 30' (amtealing. The oligonucleoude which 



PCTA7S9<A>3«SI 

-25- 



10 



15 



20 



25 



30 



35 



not been hybndizcd to the polymer-bound template were removed by cenirifiiaaiion «ui 
three subsequent washing/ccnirifugation steps ^.ith [00 ul each of ice-cold SOmw' 
ammoniumciiraie. The beads were air-dried and mixed with matrix solution (3- 
hydroxypicoUnic acid/lOmM ammonium citrate in acetonitril/water. 1 : 1). and analvzed bv 
MALDI-TOF mass specnom«r>-. The results are presented in Figures 10 and II ' ' 



Exampie 2 



DNA fragments at a concentration of 50 pmole/ul in 2-propanol/lOmM 
ammoniumcarbonate (1/9. v/v, were analysed simultaneously by an electrosprav mass 
spectrometer. 

The successful dcsorption and diffcreniiaiion of an 18-mcrand I9-mcrbv 
elcccrospray mass spectrometry is shown in FIGURE 12. 

D««rion of TTir fv^ir Fihm^h Mm^rion , Fsn« hv ..n.u 

extension anH an,.»vri« kv MAf jnp ^ 

MATERIALS AND METHODS 

PCR Amplification ami Strand Immobilization. Amplification was earned out 
with exon 10 specific primers using standard PCR conditions (30 cycles: r@95»C. r@55-C 
2-/a72-C); the reverse primer was 5' labelled with bioiin and column purified 
(Ohgopurification Cartridge, Cruachem). After amplification the PCR products were purified 
b>- column separation (Qiagen Quickspin) and immobilized on streptavidin coated magnetic 
beads (Dynabeads. Dynal. Norway) according to their standard protocol: DNA was denatured 
usmg O.IM NaOH and *-ashed widi O.IM NaOH. IxB+W buffer and TE buffer to remove the 
non*biotinyiaied sense sirand. 

COSBE Conditions. The beads containing ligated antisense strand were 
resuspended in 18^1 of Reaction mix I (2 ^l lOX Taq buffer. 1 (\ unit) Taq Poivmerase. 2 

of 2 mM dGTP. and 13 H2O) and incubated at 80-C for 5' before the addition of 
Reaciton mix 2 (100 ng each of COSBE pnmersK The temperature was reduced to 60-C and 
the mixtures incubated for a 5' annealihg/exiension pcnod: the beads were then washed 
25mM triethylammonium acetate (TEAA) followed by 50mM ammonium citrate. 



Primer Sequences. Ail primers were synthesized on a Perscptivc Biosvstems 
Expedite 8900 DNA Synthesizer using conventional phosphoiamidite chemistn' (Sinha et al 
i\9i^)Sucleic Acids Res. /-4539. COSBE primers (both containing an intentional 
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mismarcfa one base before ihe3 -tenniaus) were th««. ^- 

ftom the 5'-end of the nonnaJ: ^ removed 

5 ExlO PCR (Fonvart): f'-BIO-GCA ACT Gaa Tcr rr ^ ^ 

ExlO PCR (Rc-erse,: 5'-GTG TGA AGO G^C 't Ijn c ^''^ '° ' ' 

COSBE AFSOg-lsi S'-ATC TaT ATT Cat rl V ^^^^ "> 

No.3) ^'^'^^'^^"'^^^-^'^^^^CCACA-rr28-mer,(SEQ,D 
COSBE dF508.M 3'-GTA TCT ATA TTC ATC ata ^r- 
•0 ID No. 4) ''''^^''^''^^^AACACCATT.3 (30.mer)(SEQ 

Mass Spectrometry After washino k.-^ 
Mota^c™ H,0. 300 „L «ci, of J-^C? ^,T-"~' 

WKmaicalibnuioK 1.08 Da IBJ been siihi™.-., ~"° «nm.ids using 
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mctaboHism of lipoprotein particles, immunorcguiation and aaivarion of a number of lipolvric 
enzymes. 

There are three common isoforms of human Apo E (coded by E2. E3 and E4 
alleles). The most common is the Ej allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a proieaivc effect against the 
development of aihcroscleiosis. Finally, the E4 isoform has been correlated with increased 
levels of cholesicroK conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 



As shown in Figure 1 9. a sample of DNA encoding apoltpoprotetn E can be 
obtained from a subject, amplified (e.g. via PCR): and the PCR product can be digested using 
an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be analyzed by a 
15 variety of means. As shown in Figure 20. the three isoiypes of apolipoprotein E (E2, E3 and 
E4 have different nucleic acid sequences and therefore also have distinguishable molecular 
weight values. 

As shown in Figure 21A-C. different Apolipoprotein E genotypes exhibit 
20 difiFercflt restriction panero^ in a 3.5% MetPhor Agarose Gd or 12% polyacrylamide gel. As 
shown in Figures 22 and 23, the various apolipoprotein E genoi>T)es can also be accurately 
and rapidly determined by mass spectronietr>-. 



ExamntC ^ Detection of henatitis B ym% in i^itr^ ^ampln 

MATERIALS AND METHODS 



Sample preparation 

Phcnol/cholofom extraction of viral DNA and the final ethanol precipitation 
30 was done according to standard protocols. 

First PCR: 

Each reaction was performed with 5ul of the DNA preparation from scrum. 
1 5 pmol of each primer and 2 units Taq DNA polymerase ( Pcrkin Elmer. WcitcrstadL 
35 Germany) were used. The fmal concentration of each dNTP was 200nM. the final volume of 
the reaction was 50 ^l. lOx PCR buffer (Perkin Elmer, Weiierstadt. Germany) contained 100 
raM Tris-HCl. pH 8.3. 500 mM KCL 15 mM MgCh. 0.01% gelatine (w/v). 
Primer sequences: 

Primer 1 : 5*-GCTTTGGGGCATGGACATTGACCCGTAtAA- 3 ' ( SEQ ID NO . 5 i 
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-.3. .s«,„.,.„ 
/>^«o., DNA (sCr^^i 100 pHK,, of each pH„«,. „ 

P;^: «-C for , f„ , 1^^^^;) "^n. ^^^^^^^^ 

^ HBv,5«o:Bio^.^„„*x„=«^.3, .'^ J" r:.:,' 

^""^'^•inn nf nrrrfliirTi: 

Qcmmy, The bead. ^ washed «.ice wio, 50 of 0 7 ^ 
W ,*e .upe^a-an. ^oved each Umc Ja ^M^^ , cIT'T "T 
t. accompliah^l by ^ fom»„ide a, llt^H.? T ^ 
'*<»«»hourand«mp«Ki«i.„4„|ofd»„^^^^^"^*°^'"''^ 

ra. Oennan> ,. This preparaooo .ai u«d for MaLDI-TOF MS analysis. 
Mai ra.Tpp f,,^. 

F^^M.T.s.on.000,.„n,^^,-3™nero::;:,~ 
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too enctpes. U. Ac ncjaive ample. *c PCR produa «s d««ttd „«u«r wid, l«s „„r 
pl>cHofdtt sample spo.«d also «*vaym8l«r«,„5i«. ««««l«'Mr«o« 



/ ""^"'P^^^^'^""*^ used for the detection ofHBVDNA in Wood 
saniples empioy.„g oUgonucJcotides complemencan, ,0 the c rep^^ 
(pnmcr 1: bcginmng at map position 1763. primer 2 beginning at map position 2032 of the 
complementary stnmd) encoding the HBV core antigen (HBVcAg,. DNA was isolated ftom 
^ents serum according to standard protocols. A Hrst PCR was performed with the DNA 

^PTV^ ^"'*^*'~"^^^°°-P'^«"^<*>^ complementary to a region withm 
the PCR fragmem generated in Che first PCR were used. If HBV related PCR products were 
P^tmthefi,stPCRaDNAfi3gmeatof67bpw«ge„«tcrf(seeFig.25A)i«A^ 
^0 PCR. TheusageofanestedPCRsystemfordetecrionpmvidesahighsensitiv^ 
serves as a specificity control for the external PCR (Rolfs. A. er ai.. PCR- Clinicil 
Diagnostics and Research. Springer. Heidelberg, 1992). A further advamage is that the 
amount of fragments generated in the second PCR is high enough to ensure an unproblemauc 
<l«ecuon ahhough purification losses can not be avoided 

5 

The samples were purified using ultrafihraiion to remove the primers prior to 
.mmob.li2aiion on streptavidin Dynabeads. This purification was done because the shoner 
pnmer fragment were immobilized in higher yidd on the beads due to steric reasons The 
.mmob:I,zation was done directly on the ultrafiltration membrane to avoid substance losses 
due to unspecfic absorption on the membnme. Following immobilization, the beads were 
washed with ammonium citrate to perform cation exchange (Pieles. U. ei ai (1993) Nucleic 
Acds Res 21:3191-3196). The immobilized DNA was cleaved from the beads using -5% 
ammoma which allows cleavage of DNA from the beads in a verx- shon time, but does not 
result in an introduction of sodium cations. 

I 

The nested PCRs and the MALDI TOP analysis were perfonned without 
knowing the results of serological analysis. Due to the unknown virus titer, each sample of 
the first PCR was used undiluted as template and in a 1 : 1 0 dilution, respectivelv 
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a patient ^th chronic aaive HRV . • 
was posiuve in HBs- and HBc^aen tB«^h,n • ®^ mfKbon who 

Figure 24 shows the results of a PAnc ^ . 

Figure 25A shows a mass spectnmi of a nt^t^ dt-b j ^ 

weH!! ? ' " ™^ ™>P1«- These «ul,s 



Example 6 



•3|. 



MATERIALS AND METHODS 
^ Oligodeoxynucleotides 

.04 .»ol «.le ., . Million 7500 DNA S.™Uk^ ,Mi„ipo«. B«ifo„l. MA " 

(HPLCi>mfied)fi<imBMaieinLOoiiingei0<aiii«v);^^- ." 
Sequences and calculated niMses ofth. oligonoclMUdcs used- 

01.,«le«vn„cl..0deA: 5 -p-TTGTGCCACGCGOTTGGGAATaTA (752, DaKSEO IDNo. 
OUr*cx,™cl.«id.B: S..p.«3aAC=ACT=TTT0CCCGCCA0TT« (7«.D.,«a„D 

!0 01,,^«i««^Sd.D: S..p.»*CT»SC«»aVA»C»TCGT«S^ (TTC D.„SEO ID 



5 



S'-Phosphorylation o/oligomicleotides AandD 

This was perfonned with polynucleoiidc icinasc (Boehringer. Mannheim. 
Gemun, ac^rding u> published procedures, the 5 .phasphoryi«ed oligonucleotides were 
used unpunfied for LCR. 

Ligase chain reaction 

(Straragcnc. Hcddberg. Gennany) containing two different pBluescript KII phagemids One 
carrying the ^.nldtype form of the E.coli tacl gene and the other one a mutant of this 
with a single point mutation at bp 1 9 1 of the /acl gene. 



; gene 



DM^ ,n 7. ^ ""^ 100 pg template 

DNA (0.74 finol, with 300 pg sonified salmon sperm DNA as carrier. 25 ng (3.3 pmol, of 
each > -phosphotylated oligonucleotide, 20 ng (2.5 pmol) of each non-phosphorvlated 
ohgonucleotide. 4 U Pfu DNA ligase in a final volume of 20 m buffered bv Pfu DKA lipase 
reacuon buffer (Stratagene. Heidelberg. Gem^y,. I„ a model experimem a chemicali; 
synthesttedss50-merwasused(I fmol) as template, in this case oligoC was also 
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c.«l« 0, JO spends «-C. .0 s«.„d. fc, HPLC ^Tbil'C 

ol.go»uci«.udB revealel the san>e gel dtctrophomic rejdB Tl«»™„ 

Dtl,pnon|ll«duc<2roli,oC«idD)cala.laiedniMs:133g7Da. 
SUUtT-WlC 

(Ph»^ P " SMART-svs«„ 

(Pton«c«. F^bu,^ Gcnnany) . Pfc^ 

A. bu, M N^,, suni^ „,U, .00% A fori ™™„„.a,^^.f 5,^^'"^ 

« .00 ^ B fer »„nu«. Two p«,ta. tCR ^ ' 

or miuant lempiaie were injected. '^uuiype 

Stanple preparation for MALDI'TOF'MS 
LCR5(perfomedasdescnbed.to^^^ 

mMTns-HCl.pH7.5. ImM EDTA.2MNaCl). To U,e samples 5 »n sirepiavidin 
DynaBcads (Dynal, Hamburg. Gcnnany, Were added. U,e mixture was allowed to bind with 
gentle shaking for 1 5 minutes at amb.ent tempcnmoe. The supematan. was removed using a 
Magnenc Panacie Collector. MPC. (Dynal. Hamburg. Getnu«y) and the beads were waZ 
nvice wtth 50 pi of 0.7 M ammonium ciin.te solution (pH 8.0) (the supernatant n«„oved 
«chtune«,ng.heMPC). The beads we„ resuspended in 1^.1 of ultrapure waierfMiUiQ. 
Ml hpore. Bedford. USA). This suspension .■^s direcUy used for MALDI-TOF-MS 
analysis as described below. 

Combination of ultrafiltration and streptavidin DynaBeads: For the recording 
of spectrum two LCRs (performed as described above, were pooled, diluted 1:1 with 2x B/U' 
buffer and concentrau«l with a 5000 NMWL Ultrafree-MC filter unit (Millipon:. Eschbom 
Germany, according to the instructions of the manufacturer. After concentration the samples 
were ^.ashed with 300 m Ix B/W buffer to streptavidin DytaBeads were added The beads 
were washed once on the Ultrafree-MC filtration unit with 300 mI of Ix B/W buffer and 
processed as described above. The beads we« resuspehded in 30 to 50 m1 of 1 x B'W buffer 
and transfened in a 1.5 ml Eppendorf tube. The supernatant was removed and the beads 
were washed twice with 50 ^1 of 0.7 M ammonium citrate (pH 8.0). Fi«Ulv. die beads were 
washed once with30 (xl of acetone and resuspended in I mI of ulnapure water. The ligation 
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mixture after immobilizaaon on the beads was used for MALDS-TOF-MS analysis as 
described below. 

MALDI'TOF-MS 

A suspension of strcpiavidin<oaied magnetic beads with the immobilized 
DNA was pipetted onto die sample holder. dKn immediately mixed with 0.5 ^l matrix 
solution (0.7 M S-hydroxypicolinic acid in 50% acetonitrile. 70 mM ammonium citrate). 
This mixture was dried at ambient temperature and introduced into the mass specnometer. 
AU spectra were taken in posidve ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT, Bremen. Gcnnany). equipped widi a reflectron (5 keV ion source. 20 keV 
postacceleration) and a nitrogen laser (337 nm). For die analysis olPfu DNA ligase 0 J |cil of 
the soluuon was mixed on die sample holder with I ul of matrix solution and pirpared as 
described above. For die analysis of unpurified LCRs I ul of an LCR was mixed with 1 
matrix soltidoo. 

RESULTS AND DISCUSSION 



the £ coH lad gene served as a simple model system to investigate the 
suitability of MALDI-TOF-MS as detection mediod for products generated in Ugase ch^ 
reactions. TTus tempUte system consists of an E.coli lacl wildiype gene in a pBluescript KH 
phagemid and an £. colt lael gene carrying a single point mutation at bp 1 91 (C to T 
transition) in die same phagemid. Four different oligonucleotides were used, which were 
ligated only if the £ coli lacl wildtype gene was present (Figure 26). 

LCR conditions were optimized using P/u DNA ligase to obtain at least 1 
ptnol ligation product in each positive reaction. The ligation reactions were analyzed by 
polyacrylamide gel eiecuophoresis (PAGE) and HPLC on die SMART system (Figures 27, 
28 and 29). Figure 27 shows a PAGE of a positive LCR widi wildtype template (lane I ). a 
negative LCR widi mutant template ( I and 2) and a negative control which contains enzyme, 
oligonucleotides and no template. The gel electrophoresis clearly shows Uiat die ligation 
product (50bp) was produced only in die reaction with wildtype template whereas neitiier die 
template carrying the point mutation nor the control reaction with salmon sperm DMA 
generated amplification products. In Figure 28. HPLC was used to analyze two pooled LCRs 
wiUi wildiype template performed under the same conditions. The ligation product was 
dearly revealed. Figure 29 shows die results of a HPLC in which two pooled negative LCRs 
widi mutant template were analyzed. These chromatograms confirm the data shown in 
Figure 27 and die results taken togedwr cleariy demonstrate, diat die system generates 
ligation products in a significant amount only if die wildtype template is provided. 



10 



15 



20 



25 



30 



35 



Appropriate control runs were fi—4«-.^ . 

different compounds involv«l in the IC^J^^T^"" °f 
«i I . ^-'-^ cxpenments. These include the four 

Ilganor. product). Ule wldtvpe wmJatt DNA s<»ic„-4.i » I" 

/!* DNA Uga«. -n^ calcula^i mass v.J«, of oli«o A !^ *T 
mass signals .*jch do u.«f« tf^ „, L "'"*™' " 

"«^»«'«™P*<i.*ediieadasoqKkjnofDNAiiiiiiiobiUa«lbvW«^ 

» h<»d sip^U depending on d„ ^ss diffa:^ of ^ ^ 
beads. TT«s «u„s n, . s«,.. and ™„,«g„^ ,f ^ ^ ^ 

w.* F»« .0). A «gn.I which ,.p««„, dx „„,ig,^ ^ ^ ^ ^ 
coiresponds 10 ihe ligation prodoa could he <l««!»j -n. agnai which 

and d» e^ ^nT* 7^ t«*o=>> the calculaied 

^.tZr^ ' found mass .lues i. «naHu«e «„. allo« «, unambiguous peak 
and accuse deiection of d» ligaUo. p™h«,. ,„ con™, no ligain ^ 
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only oiigo A could be dcteacd in the spectrum obtained from two pooled LCRs with mutated 
template (Figure 3 IB). The specificity and seieaivity of the LCR conditions and the 
sensitivity of the MALDNTOF detection is further demonstrated when performing the 
ligation reaaion in the absence of a specific template. Figure 32 shows a spectrum obtained 
from two pooled LCRs in which only salmon sperm DNA was used as a negative control, 
only oligo A could be detected as expected. 

While the results shown in Figure 3 1 A can be correlated to lane 1 of the gel in 
Figure 27, the specmim shown in Figure 3 1 B is equivalent to lane 2 in Figure 27, and finally 
also the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence widi the HPLC anilysis presented in Figuces 28 and 29, While both gd 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
equal amounts of ligation product over ligation educts. the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 3 1 A). 

The lower intensity of the ligation product signal could be due to different 
desorption/ ionization efficiencies between 24- and a 50-mer. Since the T^ value of a duplex 
with 50 compared to 24 base pairs is significantly higher, more 24-mcr could be dcsorbcd. A 
reduction in signal intensity can also result firom a higher degree of fragmentation in case of 
die longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads. Figure 32 reveals 
traces of Tween20 in the region aroimd 2000 Da. Substances with a viscous consistence, 
negatively influence the process of crystallization and dierefore can be detrimental to mass 
spectrometer analysis. Tween20 and also glycerol which are part of enzyme storage buffers 
therefore should be removed entirely prior to mass spectrometer analysis. For this reason an 
improved purification procedure which includes an additional ultrafiluaiion step prior to 
treatment with DynaBcads ^^-as investigated. Indeed, this sample purification resulted in a 
significant improvement of MALDI-TOF mass spectromcuic performance. 

Figure 33 shows spectra obtained from two pooled positive (33A) and 
negative (33B) LCRs. respectively. The positive reaction was performed with a chemically 
synthesized, single strand SOmer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5*-biotinylaied. Therefore the template was not 
detected. As expected, only the ligation product of Oligo A and B (calculated mass 15450 
Da) could be dcsorbed from the immobilized and ligaied oligo C and D. This newly 
generated DNA fragment is rcpresemed by the mass signal of 1 5448 Da in Figure 33 A. 
Compared to Figure 32A. this spectrum clearly shows that this method of sample preparation 
produces signals with improved resolution and intensity. 



wo 96/29431 



-36- 



KT/US96/03«si 



10 



20 



M'^"on'1nminnhv.n,M.K.,,.,i,,^ ^^,. 

analysis hv Mai ni.Tnc ^rr tmn.^ ""^ 

Summon*, 

pension of a d««,on pnn,.r da. anneal, adjacn, .o a »«jabte ■mcteorid. «„mr„ 
Description of the experiment 

The method used a smgle detection primer followed by a ohWleondc 
wu^peancles^^jchcan ^ 

^« d^aibed by using an example the exot, 10 of the Cm.gene. Exon 

^ bea« the most common mutation in many ethnic groups (AF508) tha leads in the 
homozygous state to die clinical phenotype of cystic fibrosis. 

MATERIALS AND METHODS 

Genomic DNA 

Genomic DNA were obtained &om healthy individuals, individuals 
homo^gous or heterozygous for the ^508 mutation, and one individual heterozygous for 
Ae 1 506S mutaaon. The wildtype and mutant alleles were confirmed bv standard Sanger 
sequencing. * 

30 

PCR amplification aj exon JO oj the CFTR gene 
The primers for PCR amplification were CFExI 0-F (5- 
GCAAGTGAATCCTGAGCGTG-3- (SEQ ID No. 13) located in intron 9 and biounvlaied, 
and CFExlO-R (5 -GTGTGAAGGCCGTG-3-. (SEQ ID No. 14) located in intron lo') 
Pnmers were used in a concentration of 8 pmol. Taq-polymerase inclu<iing lOx buffer were 
purchased from Boehringer-Mannheim and dTNPs were obtained from Pharmacia The total 
reacuon volume was 50 ^1. Cycling conditions for PCR were initiallv 5 min. at 95«C 
followed by 1 min. at 94»C. 45 sec at 53'C. and 30 sec at 72-C for 40 cvcles with a final 
extension fim eof 5 min at 72^C. 
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Purification of the PCR products 

Amplification pnxlucts were purified by using Qiagen's PCR purificaUon kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 ^1 TE^uffcr ( 1 OmM Tris, I mM EDTA. pH 7,5). 

Affinity-capture and denaturation of the double stranded DNA 
10 iiL aliquois of the purified PCR product were transferred to one well of a 
strcptavid2n-<oated microtiter piate (No. 1 645684 Bochringcr-Mannheim or Noo. 95029262 
Labsysicms). SubscquenUv, 10 mI incubation buffer (80 mM sodium phosphate. 400 mM 
NaCL 0.4% Twccn20, pH 7.5) and 30 iil water were added. AFicr incubation for I hour at 
room temperature the wells were washed three times with 200^1 washing buffer (40 mM Tris. 
1 mM EDTA- 50 mM NaCl. 0. 1% Twecn 20. pH8.8). To dcnaturate the double stranded 
DNA the wells were treated with 100 of a 50 mM NaOH solution for 3 min. Hence, the 
wells were washed three times with 200 yd washing buffer. 

Oliga base extension reaction 

The annealing of 25 pmol detection primer (CF508: 
5'CTATATTCATCATAGGAAACACCA.3' (SEQ ID No. 15) was penbimed in 50 ^l 
annealing buffer (20 mM Tris. 10 mM KCU 10 mM (NH4)2S04, 2 mM MgSO, 1% Triton 
X-IOO. pH 8, 75) at 50*C for 10 min. The wells were washed three times with 200 ^1 
washing buffer and oncein 200 ^i TE buffer The extension reaction was performed by using 
some components of the DNA sequencing kit from USB (No. 70770) and dNTPs or ddNTPs 
from Pharmacia. The U)tal reaction volume was 45 ^l, consisting of 21 nl water. 6 ^1 
Sequcnase-buffer. 3 ^1 1 0 mM DTT solution. 4,5 ni. 0.5 mM of three dNTPs. 4.5 ^1. 2 mM 
the missing one ddNTP. 5.5 \d glycerol enzyme diluton buffer. 0,25 \i\ Sequcnase 2.0, and 
025 pyrophosphatase. The reaction was pipetted on ice and then incubated for 1 5 min at 
room temperature and for 5 min at 37'C. Hence, the wells were washed three limes with 200 
\i\ washing buffer and once with 60 )x\ of a 70 mM NH4-Ciuaie solution. 

Denaturation and precipitation of the extended pritner 
The extended primer was denatured in 50 ^1 10%-DMSO (dimeihylsufoxidcj 
in water at gC'C for 10 min. For precipitation. 10 jil NH4.Aceiai (pH 6.5). 0.5 \x\ glycogen 
(10 mg/ml water. Sigma No. GI 765). and 100 ^1 absolute ethanol were added to the 
supematani and incubated for 1 hour at room lemperature. After centrifugaiion at 13.000 g 
for 10 min the pellet was washed in 70% ethanol and resuspendcd in I 1 8 Mohm/cm H2O 
water. 

Sample preparation and analysis on MALDI-TOF mass spectrometry 
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Sample preparation was nM«« j l 

M 3.h.vd„xyp.co„„ic acid. 0.07 J^Zl:^'' '"^ -'"Uo„ 



RESULTS 



chosen as a possible mass ineasiif^mjM* ^ 

- gn (TOF) reflectron anangement Was 

«rio« of c™, ,0 Of ^ cm T " "x" 

«ree base pair deletion would be disclosed. '° 

Kaction the 

The method described is hiehlvsuitahu for .k ^ 
-uuo.. or ™aol«ioasof DNA. ch^^of I °" 

M ctaice of dK m„a„on daecUon prim« will 
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open the wmdow of multiplexing and lead to a high tl«,ughp«t including high quality i„ 
geneuc d.ag„os.s without any need for exa« stringencies necessarv in comZ^ri" 
^ficptocedu^s. Becauseoftheuniquenessofthegeneticinfo^atiorr^l^.^^^ 
extension of mutation detection primer is applicable in each disease gene or DolZrT^ 

:r : r ™^ "'^ ^^^^'^ --"'^ of tandem repeat ( VNTR)T Z ^f*"^ 
nucleotide polymorphisms (e.g., apolipoprotein E geoe>. * 

Example 8: Detecuon of Po.meiasc Chain Reaction Rnnlucts Conraimng 7- 

1 0 Matrix-Assisted Laser Dcsocptionnonization 

T.meK,f.FI.ght (MALDI-TOF) Mass Spectrometry 

MATERL\LS AND METHODS 

PCX amplifications 

™ ^^'oettwgen. Germany, pnmers 6-7). 

primer I: 5'-GTCACCCTCGACCTGCAG (SEQ. ID. NO 16)- 

pnmcr 2: 5 -TTGTAAAACGACGGCCAGT (SEQ. ID. NO 1 7)- 

pnmer 3: S -CTTCCACCGCGATGTTGA (SEQ. ID. NO 18)- 

pnmer 4: S'-CAGGAAACAGCTATGAC (SEQ. ID. NO 19)- 

pnmer 3: S'-GTAAAACGACGGCCAGT (SEQ. ID NO 20)- 

pnmer 6: 5'-GTCACCCTCGACCTGCAgC (g: RiboG) (SEQ. ID NO - ! )• 

pnmer 7: 5'^TTGTAAAACGAGGGCCAgT (g: RiboG) (SEQ. ID NO 



'^'^^■•"*'^<1200-merDNA strands (modified and urimodified) as well as 
U.enbo. and 7-dea^-modincd lOO-mer were amplified ftom pRfc I DNA (10 ngi generouslv 
supp .cd S. Feycr^bend. University of Hamburg, i„ 100 ^L reaction volume containing 10 ' 
mmoLl KCI. .0 mmol/L mH,)2S0,. 20 mmol/L Iris HCl (pH = 8.8). 2 mmol/L MgSO. 

«chdNTP(Pham>acia. Freiburg. Germany,. 1 Mmol/L of each primer and I unit of exo(-,/>A 
DNA polymerase (Siratagenc. Heidelberg. Gennany). 
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For the 99-raer primers 1 and -» for th* inn--. 
lOO-mer primers 6 and 7 were used To obtain 7-4 ^ ^ ^ 

PCR-amplificauon dATP and dGTP Z Z^l'^T '""^''^'^ ^^^^ 

5 0«n^>usi„gU«c>.c,e:dc«aZ^^^ 
«-io„a.73.Cror..i„. Hora., PCRs 

«a«.o„..ai,owed,oex^dforaddi.o„ai,0.i„.«72oca.;^^^^^^ 

^ mu^p^rpionIX^p^ 

us.n«p„.ers4and5..o2r™;:r::^ 

- 72-0 for , „^ Aixcr 30 cycles for the unmodified ^40 cvc.l for Zc^rTT'" 
-~'y.ti-samp.eswe.incubacedforaddicio^ 

(Epicene Tec:::::^^,::!:;:^^:^,^!^^^^ 

poiyacryiamide gei. The appropriate bands wens »v,.;c-j - j 

CARHiiAni-i- J - .7 and counted on a Packard TRI- 

CARB 460C hqmd scmnllation system (Packard. CT. USA). » «ni i lu 

Phmer^ieavagefrom ribo-modified PCR-produa 

NMWr . ""^"^"^ ""^^ P"^^ •"'"S Ultrafiee-MC filter units (30 000 

NMWL). n was then redissoived in 100 m of 0.2 mol/L NaOH and heated at 95 W5 
minutes. The solution was then acidified with HCl (1 mol/L) and wT r J 
M A r ni Tr\c . nv, I u moj/L) and further purified for 

MM.D,-TOF a„a,v„s cmp,.,., ul,„ft«.MC m«r u„lu , ,0,000 NMWl, „ 

Purification of PCR products 

NMUl i^m- T'^'Z"^. "^'"^ Ultrafree-MC un.ts 30000 

ro^r pr^ ^"^-^ " '^'^ manufacturer's dcscnption After 

water. TTus analyte soluuon was directly used for MALDLTOF measurements 
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AliquotsofOJ^LofaiaiytesoJutionaiidOoMLofnatrixsoluiionm 7 
.oUL 3.HPA and 0.07 .ol/L anunoni™. ci«« in aceconitHle/vJ^l w^J^ ' 

.n^duccdimothcrnassspectrometerforanalysis. The MALDI-TOF a«ss spLometer 

a nnn^gan MAT Vis.on 2000 (Fi„„:gan MAT. Brc^e. Ge^anvJ.'^Ze 
itcoided m the posicvc ,oo rcficaor mode with a 5 keV ion source and •>0 keV 
pc«accdcrauon. The insmimen. equipped with a nitrogen laser (337 nm wavelength) 
The vactnan of *e system .as 3^,0.8 hPa in the ana,y«r region and 1^,0-7 Hpfifu^e 

^«gion. Spectnoftnodifiedand unmodified DNAsamplesw«obtainedw,th the 
s«ne relauve laser power, external calibration w^ pcrfom,ed with a m«ttue of svnthetic 
oUgodeoxynucleotides(7.to50-mer). . «"»cac 

RESULTS AND DISCUSSION 
acids by PC R 

^°*'"*^'°<*«"°««««l«feasibiHtyofMALDI-TOFMSforthe«pid,Bcl. 
ft«analys« of short PCR prod««ts a»l to investigate the effect of 7sJeazapurine 

mo^cadon of oucleic adds under MALDI-TOF condiUons, two diffetem primer^template 
r^rr T"^''''^'^ Scqt«ncesaredisplayedinFigt.res36and 

8 u), the two single strands of the 99-mer differed by 526 u. 

^*''^^"8*«7-<*«^Pwine nucleotide btaidhig blocks for chemical DNA 
synthesis are approximately 160 times more expemive than „:gufar ones (Product 

Informaaon. Glen Resean± Corporation. Sterling, Va) and their application in standard B- 

cyano^phosphoamidite chemistry is not trivial (Product information. Glen Research 

Corporauon. Steriing. VA; Schneider . K and B.T. Chait ( 1 995) Nucleic Acids Res ^3 1 570) 

the cost of T^deaza purine modified primers would be very high. TTierefore. to .ncrease the 

applicability and scope of the method, all PCRs were peiformed using unmodified 

oligonucleotide primers which are routinely available. Substinitine dATP and dGTP bv c' - 

dATP and c^^dGTP in polymerase chain reaction led to products comaimng approxima;elv 

80 /0 7-dea2a-purine modified nucleosides for the 99.nter and 1 03-mer. and about 90% fo^ the 

-00-mer. respectively. Table I shows the base composition of all PCR products 
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- TABLE I: 

tuuingauKd and 7-dt$n purioc modified) 



DNA-firasments' 


C 


T 


A 


-OO-mers 


54 


34 


56 


modified 200wners 


54 


34 


6 


200-incra 


56 


56 


34 


modified 200-fnera 


56 


56 


3 


lOj-mers 


29 


23 


24 


modified 103-iners 


2Z 


23 


6 


103-aiera 


28 


24. 


23 


modified i03^era 


28 


24 


7 


99-racrs 


34 


2] 


24 


modified 99Hners 


34 


21 


6 


99-niera 


20 


24 


21 


modified 9»>mef a 


20 


24 


« 




-s- and •'a" describe "sense" and "antisense- 



56 
5 

54 
4 
28 
5 

28 
4 

20 

5 

.34 
4 



50 



31 



18 



16 



18 



18 



51 



50 



15 



30 



90% 



92^i 



79% 



78% 



75% 



87% 



™^ specttomcicr detection It uki< th^r^— 

«zymauc a„.p,ificauon step -^5^^^^?^ "^"^ '"^"^ 

cam,mfi.ii . . Jr^' had been shown thai c7h1ATP 

cannoi fuUy replace dATP in PCR if roi DNa noiv™«c. ■ . . « "OA i f 

Roelling { 1 992) Nucleic Acids Res ^0 «Tn ^ " ^ A" 

polymerase indeed could accept c'^dATP nnA .i^r-m ■ 1 DNA 

To verif}' these results, the PCRs with f j2pi un.i^j • 

The autoradiogram (Figure 39) dearlv sh„ . ^ """^ ^^'^ '"P""''- 

Th^K ^ ^ ' y«elds for the modified 

l^ds were excised from the gel and counted. For al, PCR products the vlld oft 
modified nuclcc acds wa. about 50o/.. refe^,, ^ co«spoLng u«„odifil 
amphficauon product. Further experiments showed that exo^ZJeepLaT'et DNA 
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polymeiasc were able to incoiporate c'^ATP 7 

been described (Mizusav«L S « al n9»5^ a/ i *»n'«n'ng T-deaza-purine have 

polymer «^ (flS» bNA nolvmZ^. ^ P»ly<«nse. V« DNA 

calculated mass ,ssm)ngly reduced although it is sull below the exp^^ T k 

oppos«l » 1 8 for die onmodilirt sanpk wirt 4„, . fi.,1 wdd, a half 
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maximunL fwhm). Because of the low mass difference between the two single suands (8 u) 
their individual signals were not resolved. 

With the results of the 99 base pair DN A ftagmems the effects of increased 
mass resolution for Tsleazapurine containing DNA becomes even more evident. The two 
single strands in the unmodified sample were not resolved even though the mass difference 
between the two strands of die PCR product was very high with 526 u due to unequal 
distribution of purines and pyrimidines (figure 41a). In contrast to this, the modified DNA 
showed distinct paks for the two single strands (figure 4Ib) which makes the superiority of 
this appioach for the determination of molecular weights to gel electrcphoietic methods even 
more profound. Alchot;^ base line resolution was not obtained the individual masses were 
abled to be assigned with an accuiacy of 0.1%: Am - 27 u for the Ughter (calc. mass = 30224 
u) and Am = 14 u for the heavier strand (calc. mass = 30750 u). Again, it was found that the 
full width at half maximum was substantiaUy decreased for the 7-deazapurine containing 
15 sample. 

In case of both the 99-mcr and 1 03*nier the 7-deazapurxne containing nucleic 
acids seem to give higher sensitivity despite the &ct tfiat they still contain about 20% 
unmodified purine nucleotides. To get compaiable signal-to-npisc ratio at similar intcnsiucs 
20 for the (M+H)"^ signals, the umnodiHcd99.mcr required 201^ 12 for 

the modified one and the 103-mer required 12 shots for die unmodified sample as opposed to 
three for the T-deazapurine nucleoside<ontaining PCR product 

Comparing the spectra of the modified and unmodified 200-mer ampiicons. 
25 improved mass resolution was again found for the 7-deazapurine containing sample as well 
as increased signal intensities (figures 42a and 42b). While the signal of the single strands 
predominates in the spectrum of the modified sample the DNA-suplex and dimers of the 
single strands gave the strongest signal for the unmodified sample. 

30 A complete 7-deaza purine modification of nucleic acids may be achieved 

either using modified primers in PCR or cleaving the unmodified primers from the partially 
modified PCR product. Since disadvantages are associated with modified primers, as 
described above, a 100-mer was synthesized using primers with a ribo-modification. The 
primers were cleaved hydroiytically with NaOH according to a method developed earlier in 

35 our laboraton' (Koesicr, H. et al., Z Physiol. Chent. 359, 1570-1589). Figures lOa and I Ob 
display the spectra of the PCR product before and after primer cleavage. Figure I Ob shows 
that the hydrolysis was successfixl: Both hydrotyzed PCR product as well as the two released 
primers could be detected together widi a small signal firom residual uncleaved 100-mer. 
This procedure is especially useful for the MALDI-TOF analysis of very shon PCR-products 
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since the shaie of unmodified purines originating ftom die primer increases with decreasing 
length of the amplified sequence. 

The remarkable properties of T^ieazapurine modified nucleic acids can be 
explained by either more effective desorption and/br ionization, increased ion stability and/or 
a lower denaruiaiion energy of the double stranded purine modified nucleic acid. The 
exchange of the N-7 for a methinc group results in the loss of one acceptor for a hvdrogen 
bond which influences the ability of the nucleic acid to form secondary structures due to non- 
Watson-Crick base pairing (Seela. F. and A. Kehne (1987) Biochemistn: 26. 2232-2238 ) 
which should be a reason for better desorption during the MALDI process. In addition to this 
the aromanc system of T^eazapurine has a lower election density that weakens Watson- 
Crick base pairing resulting in a decreased dielting poim (Mizusawa. S. et al.. ( 1 986) Nucleic 
Acids Res.. 14. l319.l324)of the double-strand. This effect may decrease the energy tieeded 
for denamration of the duplex in the MALDI process. These aspects as well as the loss of a 
site which probably will cany a positive charge on the N-T nitrogen renders the 7- 
dcazapurinc modified nucleic acid less polar and may promote the effectiveness of 
desorption. 

Because of the absence of N.7 as proton acceptor and the decreased 
pobrizaitott of the €44 bond in T-deazapurine nucleosides depurinaiion following die 
mechanisms esiabiished for hydrolysis in solution is prevented. Although a direct correlation 
of reactions in solution and in the gas phase is problematic less fragmentation due to 
depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which, decreases the total yield of 
charged species or it may produce charged iiagmentation products which decreases the 
intensity of the non fragmented molecular ion signal. 

The observation of both increased sensitivity and decreased peak tailing of the 
(M+H)' signals on the lower mass side due to decreased fragmentation of the T-deazapurinc 
conuuning samples indicate that the N-7 atom indeed is essential for the mechanism of 
depurination in the MALDI-TOF process. In conclusion. 7-deazapurine containing nucleic 
acids show distinctiy increased ion-siability and sensitivity under MALDI-TOF conditions 
and therefore provide for higher mass accuracy and mass lesolution. 

Example 9: Solid State Sequencing and Mass Spectrometer Deteaion 
MATERIALS AND METHODS 



W09iSa9431 

-46- 

Oligonucleotides were purchased fmm rv«—,- T i. . 
inanunpurifiedfonn. Sequencing ,.^.0;^":^^^ 
r^cn. from the sequencing kit L S^u^^:^Z' T ^"""^ "^"^ 
Illinois). ^ - ^ ^Amcrsham. Arlington Heights. 



5 



25 



}0 



Sequencing complex: 
(PNAI6/DNA) 3TCAACACTGCATGTO- 

i 

(SEQ. rO. No. 24) 

pnujl of DNAI 11 - , ru. «nsfeiase. A 30 k1 rcacuoa containing M 

l«w»oiUNAli6g3. Unmolofbiotin l4.dATPfGmroDDr r- jt, ^ *-»5w 
of tenninal transferase fAm«lu«, a . , island. NY). 30 units 

fsu«rr T"^*^ (Ametsham, ArUngton Heights, Illinois), and Ix reaction buffer 
(supphed with enzyme), was incuiMUed at 37-C for I hnur tu. 
inaoivationofthetern^^ferase^T^^^^^^ ^ ^1"^ 

desalted by passing U«,ughaTE.,Ospinc!,lL(ao^^^ 

biotin-l4.dATPc«„WK..^^^ . P"»«»«umn(aonetech). More than one molecules of 
uiuua i^MiA IP could be added to the 3'.<nd of DNAI i/tai t». u- . . 

™u^^g = ,,.f«S^«^Mr«,200mMTris.HCI.pH7.5. lOO^MMgCD and 250 
mM NaCI, Soo, U» S«,«na« ki, .„d 5 p™, of PNA, WNA^ 

-^.Om,„„m.pcnod. Then ^1 OJ Mdid«o<M«.l»lu,i.„. , ^, M„ buffer ,0 IS M 
TWuon «,x,^ «s divided imo four .,i,„o. of 3 „ each and ™„d ^ 

NaCh. The reacoon m«n«a w«e i„cuba«d « 37-c for : mm. Afto, d„ compWon of 
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extension, the beads were prccipitaied ami the supen««a« tk w 

wa3faednviceand«suspendedinTEaadkeptat4^ Thebeadswere 

^ •^°"'^"^"n''*rrrrrfiTrriJ 
Sequencing complex: 

5-AAGATCT0ACCAOOOATTC<K:m<K0TG^^ 
'0 nNR.PLASM=r .D. NO. S 

3.CTACTAGGCTGCGTAGTC-5- \. ' 

N0.26j (CMIXSEQ.ID. 

Stamrinra ^^^^^^^^ 

Sequencing complex: 

-b<TACTAGOCTOC0TAGT0TCGA0AACCTT0GCT3,SEQ. ID. No. 2.) 

* CM1B3B was immobilized on DvMh«»w< M^cn - l 

^ce^r^r^ri^^^^ 

^.spective,v,.jrrs::^^^^^ 

The duplex ..as formed by amiealing corresponding aliquot of beads from 
previous step with 10 pmol of DFI la5F (or 20 pmol of DFl la5F L 
^ volume containing 2 .1 of 5x Sequenase buffi Z Znc l:^^^ ' ' 

MgC.ll.and250mMNaCl,fh)mthcSequcnasekiL The annealing ^ 
•C and allowed to cool slowly to 37»crvJ!^ Z ^ 

*cn mixed With 1 0 iJ:^^: aoZ Jts o" ^"^'^ 

the suiting mixn« was furd^ilubl ;^^^^^^ Ml volume, and 

min -n,™ . 1 n . w ..^^ «™«»««« at j7 C for 3 mm. room temperature for 5-10 

mm. 0.1 Mdithiothreitol solution. luIMn buffer fO 15 Mc«7 • 

0.1 M Mnri \ ^^An 1 r JM . - » t" ivin ouner (0.15 M sodium isociiraic and 

M MnCU). and 2 ^ of dHuted Sequenase 025 units) w«. added. The reaction mixture 
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^ d,v.dcd imo four aliquois of 3 ^1 each and mixed with tenninadon mixes /each 
of4moftheapp„,priate termination mix: Id^MdATT le^T^TM^'^"''^ 
MdTTPand l-6»xMofoneofthefourddNTPs.i„50mMNaa)Tl^^^ 
wer.i„cubatedattoomtempen«urefor5nun.and37-cl^^^ ^^«^uonm,xtu«s 

«ct«.o. the ^ we„ ^^^^ ^ ^ ^T.Lz:^t z::t 

resumed .n 20 .1 IE and .ept at 4«C. alicn«,t of 2 m. (out of 20 

^ taken and mtxed with 8 of formamidc. the resuiting samples were 

C for . mm and 2 m (out of 10 m total) was applied to an ALF DNA sea,!^^ 

^^^^ usin. a . 0. polvac-lamide gel containing 7 M lillZT^T^" 

remaming aliquot was used for MALDI-TOFMS analysis. » « 

AdAlDI sample preparation and instrumentation 

sequencing ladder loaded magnetic be^ 
washed tv.ce ustng 50 n^ ammonium citrate and resuspended in 0.5 

su^on was then loaded onto the sample target of the mass spect^m^ 
satmtedmatnx solution (3.hydropicolinic acid (HPA): ammonium citmte - 101 moLLc 
miO^acetonitHle) was added. The mixn« was allowed to dry pHor to mass 

r '^"''•^"^^''^^'«^^P*«~««cr (Vision 2000. Finnig^ 
B«nea. Germany) was used for amdysis. S kV was applied in the ion source and 20 kV was 
^Uedforp^scacceleratton. All spectra were uken in .he positive ion mode and a mtrogr 

las^v^s used. Nonmdly. each spectnm. was aveniged for mo« than 100^^ 
sMndaid 25-point smoothii^ was applied. 

R£SULTS AND DISCUSSIONS 
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Conventional solid-state sequencing 

In conventional sequencing methods, a primer is directlv annealed to the 
urmplate and then extended and temiinated in a Sanger dideoxy sequencing. Nomuillv a 
btotmylated primer « used and the sequencing ladders are captured by streptavidin-coated 
magneuc beads. After washing, the products are eluted from the beads using EDTA and 
formamidc. However, our previous findings indicated that only the am«aled strand of a 
duplex IS dcsorbed and the immobilized strand remains on the beads. TTteieforc it is 
advantageous to immobilize the template and anneal the primer. After the sequencing 
r^cuon and washing, die beads with the .mmobilized template and amiealed sequencing 
Uidder can be loaded directly onto the mass spectrometer target and mix with matrix In 
MALDI. only the annealed sequencing ladder will be desorbed and ionized, and Uw 
immobilized template will remain on the target. 
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A 39.incr template (SEQ. ID. No. 23) first biodnylated at the 3" end bv 
addmgbiotin-14-dATPwithtenninal^^ Motr than one bioti«.14HiATPtnolecule 
could be added by the enzyme, Hov^ver, since the template u« immobiliad and 
on the beads during MALDL the number of biotin.l4HlATP would not affect the mass 
spectra. A 14-mer primer (SEQ. ID. No. 29) was used for the solid-state sequencing 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Ftguie 34 and the 
expected theoretical values are shown in Table II 

Table 11 

Afeacnon C-fcaetion C-reiction T-fwiwn 

5^-TCTGCCCT<KrrGCAC0GCCTATTCTAGTTOrCACCTACA^ 

3-TCAACACTCCATCT.r 4223.8 4223.8 4223,8 4223.8 
y-ATCAACACreCATCT-r 4321.0 
r-CATCAACACTCCATCT-y 4810.2 
3'.ACATCAACACTCCATCT-5' 5123.4 
3^AACATCAACACTCCAtCT.5- 5436.6 
3*.TAACATCAACACTGCATGT.r 
y-ATAACATCAACACTGCATGT-5' 6034.0 
T-GATAACATCAACACTGCATGT-y ^383 2 

y-CGATAACATCAACACTGCATCT-r 67IZ4 
3-.CGCATAACATCAACACTCCATGT.5- 7001.6 
y-CCGCATAACATCAACACTGCATGT-y 7290.8 
3-CCCGGATAACATCAACACTGCATGT-5' 7380.0 
y-TCCCGGATAACATCAACACTGCATCT^r 
3*^CCCCGATAACATCAACACTGCATGT.5- 
r-CCTCCCCGATAACATCAACACTGCATCT-5' 8502.6 
3--ACGTCCCGGATAACATCAACACTGCATCT.5* 8815.8 
3'<ACGTCCCGGATAACATCAACACTCCArGT-5- 9|05.0 
3M:CaCGTCCCGGATAACATCAACACTGCaTGT-5' 9394.2 
3'.ACCACCTCCCGGATAACATCAACACTGCATCT.r 9707 4 
3'-G aCCaCGTCCCGGaTaaCATC AAC.^CTGCATGT.5- 1 0036,6 

3.CGACCACGTCCCGGATAACATCAACACTCCATGT.5 
3-.CCCACC.ACGTCCCGGATAACATCAACACTCCATGT-r 10635.0 
3-CCGGACCACGTCCCGGATAACATCAACACTGCATCT.5' 10944.2 
3 -ACCGGACCACGTCCCGGATAACATCAACACTCCAfGT.y I J 257.4 
3'-GACCGGACCACGTCCCGGATAACATCAACACTGCATGT.5' 
3'-AC ACCGG ACCACGTCCCGG ATAACATCAACACTCCaTGT-5- 1 1 899.8 
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The scqucncmg reaction produced a telauvdy homogenous ladder, and the 
fuU-Icagth sequence was determined easily. One peak around 5150 appeared in all reactions 
aie nondemified. A possible explanation is that a small portion of the template formed some 
la«idofsecondaiystnicn«.suchasaloop.whichhinde,edsequenasee«^^^ Mis- 
mcorporauon is of minor importance, since the imensity of these peaks w«e much lower than 
that ofthe sequencing ladders. Although T-deaza purines were used in the sequencing 
reaaion. which could stabilize dte N^glycosidic bond and prevent depurinaiion. minor base 
losses were still observed since the primer was not substituted bv Tnleazapurines The full 
le,^ ladder, with a dd.A a. the 3" end. appeared in the A reaction with an apparent mass of 
1 1899.8. However, a more intense peak of 122 appeared in all four reactions and is likelv 
due to an addtuon of an extra oucleoude by the Sequenase enzyme. 

The same technique could be used to sequence longer DNA fragments A78- 
mcr template containing a CTG repeat (SEQ. ID. No. 25) was S -biotinylated bv adding 

bioun-14-dATPwithterminaltiansferase. Anl8-merprimer(SEQ.ID.No 26) was 
annealed right outside the CTG repeat so that the tepeat could be sequenced immediatdv 
after primer extension. The four reactions were washed and analvzed bv MALDl-TOFMS as 
usual. An example of the G-reaciion is shown tn^^igure 35 and the expected sequencing 
ladder is shown in Table III wid, theoretical mass values for each ladder component All 
sequencing peaks were well resolved except the last component (theoretical value 20577 4) 
was indistinguishable from the background. Two neighboring sequencing peaks (a 62-mer 
and a 63-mer) were also separated indicating diat such sequencing analysis could be 
applicable to longer templates. Again, an addition of an extra nucleotide bv the Sequenase 
enzyme was obsen^ed in this spectrum. TTiis addition is not template specific and appeared in 
all four reactions which makes it easy to be identified. Compai«d to the primer peak, the 
sequencing peaks were at much lower intensity in the long tetnplate case. Further 
optimization of the sequencing reaaion may be lequired. 
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Duplex DN A probes whh anglcsmmded overhana have beet. d«n«„«« ^ 
0 ^-^•-ocapn.espec.ficDNA.e.pU^sand.i.sen.eas:^^^^ 

sequenang. The scheme is shou. in Figure 46. Stacking i„«:racuons between a duplex 
probe and a smgle-stnnded template allow only 5-base overhand to be sufficient for 
«ptunng. Based on this fonnat. a 5' fluorescent-Ubeled :3.nier (S'-GAT GAT CCr Arr 

^^^^^^^^ ^ 

rxyjn. vjv 1 ) j^tg |D. No. j1 ) was captured bv the diinl#v 

sc^uenong t««ions we« performed by extension of the S-baseovLung. '^^^oT 
nms spectra of the r^onsa^shown in Figu«47A.D. All sequencing pea,^^!^^^ 

Z^lt:"''"^"'^'^^"- ^^-^P^kineachreai^Ilt^due^ 
u^.£ic addtuon of one nucleotide to the lull length extension product by d«: Sequenase 

aT! r ""^"'^ ~" °" ^ <=°-««o-l DNA seqlncer and 

a«acku,gfluorograrnoftheresultsisshownir.Pi,^48. As^ 

thcmass spectra had the same pattern as the fluorogran, with sequencing peaks ZlILr 
uttensity compared to the 23.raer primer. 8 P«« at much lower 

DOtentiallv .^'^'V^^'^^^" can be made more homogenous a«i signal intensitv could 
POtenually be mcreased by tmplementing the picoliter vial technique. In practice the ' 
«mp cs can be loaded on small pits with square openings 0^ 

ihc sohd-state sequencing is less than 10 urn in diameter, so they should fit well in the 

m the ^,al. Smce the laser spot s.ze is about 100 ^m in diameter, it will cover the entire 
opemng of the vial. Therefore, searching for sweet spots will be unnccessarv and high 
repetmon-rate laser ,e.c. >IOHz. can be used for acquiring spectra. An earlier repon has 
Shown that this device is capable of increasing the detection sensitivit^• of peptides and 
protems by several orders of magnitude compared to conventional MALDl sample 
preparation icchnique, 

. . °" ^"'^ '^^ '° ^ order to 

extend the sequencing range beyond 100 bases. Currently, using S-HPA/ammonium citrate 
as matnx and a reflectron TOP mass spectrometer with 5kV ion source and ''0 kV 
^^F^Z^l resolution of the run-through peak in Figure 33 r.73-mer, .s greater than 
-00 (FWHM) which .s enough for sequence detennination .n dtis case. This resolution is 
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also the highest reponed for MALDI desorbed DNA tons above the TO-mer nmge. Use of the 
delayed exoacticm technique may further enhance resolution. 

All of the aboves:ited references and pubUcations aie hereby incoiponued bv 

5 reference. 

Those skilled in the an voll nxognize. or be able 10 ascertain using no more 
than routine experimentation, numennis equivalents to the specific procedures de^bed 
herein. Such equivalents are considered to be within the scope of this invention and are 
covered by the following claims. 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

3 

a) obtaining a nucleic acid molecule from a biological sample: 

b) immobilizing the nucleic acid molecule onto a solid support to produce an 
immobilized nucleic acid molecule: 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
1 0 molecule and removing unhybridized detector oligonucleoticfe: 

d) ionizing and volatizing the product of step c): and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
ni^leic acid sequence in the biological sample. 



15 



20 



2. A process of claim L wherein step b). immobilization is accomplished by 
hybridization between a complementary capmre nucleic acid molecule, which has been 
previously immobittzed to a solid support and a complcmcntary.spccific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1 , wherein step b). immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support 

4. A process of claim I . >^4ierein prior to step b). the target nucleic acid 
sequence is amplified. 



5. A process of claim 4, wherein die target nucleic acid sequence is.amplified 
by an amplification procedure selected from the group consisting of: cloning, transcription 
based amplificatioit the polymerase chain reaction (PCR). the ligase chain reaction (LCR). 

30 and strand displacement amplification (SDA). 

6. A process of claim 1. wherein ihe solid support is selected from the group 
consisting of: beads, flat surfaces, pins, combs and wafers. 

35 7. A process of claim 6. wherein step b). immobilization is accomplished by 

hybridization between an array of complcmcniarv' capture nucleic acid molecules, which have 
been pre\'iously immobilized to a solid support and a ponion of the nucleic acid molecule, 
which is distinct tirom the target nucleic acid sequence. 
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combiiwimisitereof. ™« ">-Kl- ""ner Transfoim and 



•xctans. of omcB or ™«,v,J of „ ^ "> 

dependent RNA polymerase pnor to mass spectrometric deiecuon. 

fingerpnnt or is implicated in a disease or condition selected fro™ 

^.unuuion selected from the group consisting of a 



W09«a943I 



fCTmS96JQ365l 



-57- 



disease, a chxon««onuU abncmnalin.. a ge«uc predisposition, a viral infection, a 
fin^al mfection. a bacterial iirfection and a prodst infection. 

'^P'^^°'***»««"?«»««gecnuclcicacidsequencepresentina 
• b'ological sample, comprising the steps of: « present ma 

a) obtaining a nucleic acid molecule containing a target nticleic acid 
sequence from a biological sample: 

b) ampUfVing the target niicleic acid sequence using an appropriate 
amphflcarion procedure, therebj- obtaining an amplified target nucleic acid 
sequence. 

c) hybridizing a detector oligonucleotide with the nucleic acid molecule and 
removing unhybridized detector olieonucleotide- 

d) ionizing and volatizifag the product of step c): and 

e) detecting the detector oligonucleotide by mass spectrometiv. wherein 
detecuon of the deteaor oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

20. A process of claim 19, wheieinihe target nucleic acid is amplified by an 
^Phficaaon pjoceduxe selected fi«„ the group consisting ofi cloning, transcription baL 
amphfiomon. the polymerase chain reaction (PCR). the ligase chain reaction (LCR), and 
strand dt^lacement amplification (SDA). 

21. A process of claim 19. wherem the mass spectrometer is selected fhim the 
consisting of: Matrix-Assisted Laser Desorption/Ionization. Time-of-Flight CMALDI- 

TOF). Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
combinations thereof 

::2. A process of claim 1 9. when:in prior to step d). the sample is conditioned. 

23. A process of claim 22. wherein the sample is conditioned bv mass 

diftereniiation. 

24. A process of claim 23. wherein the mass differentiation is achieved bv 
mass modifying functionalities attached to primes used for amplification. 

25. A process of claim 23. wherein the mass differemiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiesier bond. 
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26. A process of claim .9. wherein che nucleic acid molecule is DNa. 

27. A process of claim 19. wherem the nucleic acid molecule is RNa. 

^ ^ ^ ""^'^ ""'^ " ^P«fi«* target nucleic 

) •'''^"^-"onbetweenacomplememancapiurenuclei^ 

Ptevously immobilized to a solid support and the target nucleic acid sequence. 

30. A process of claim 28. wherein the solid suppon is selected from the 
group cons.st«g of: beads, flat surfeces, pins, combs and wafers. 

3 1 . A process of claim 28. wherein the immobilization is reversible. 

32. A process of claim 19 wherein die target iTucleic acid sequence is a DNA 
fingerpr^t or a disease or comiiuon selected ftom the group consisting of a genetic disease 
axhromosomal abnormality, a gcneuc predisposition, a viral infecUon. a fungal infection, a ' 
oactenal infecuon and aprousi infccuon. 

^'«^fof'*«Mting a target nucleic acid sequence presem in a 
biological sample, comprising the steps of: 

ai obtaining a target nucleic acid sequence from a biological sample; 

b» replicating the target nucleic acid sequence, thereby producing a replicated 

nucleic acid molecule: 

c » specifically digesting the replicated nucleic acid molecule using at least one 
appropriate nuclease, thereby producing digested fragments: 
d» immobilizing the digested fragments onto a solid suppon containing 
complemenury capture nucleic acid sequences to produce immobilized 
tragments: and 

CI analysing the immobilized fragments by mass spectrometr> . wherein 
hybridization and die detetminaUon of the molecular weights of the 
immobilized fragments provide information on die argei nucleic acid 
sequence. 
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34. A process of claim 33. wherein the solid support is selected ftom the 
group consisting of: beads, flat surfeces. pins, combs and vi-afers. 

35. A process of claim 33. wherein the complementar>. capture nucleic acid 
sequences are ohgonucleotides or oligonucleotide mimetics. 

36. A process of claim 33. wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer is selected from the 
group consisimg of: Matri.x-Assisted Laser Desorption/Ionization Time-of-Flieht (MALDI- 
TOR. Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform Lid ' 
combinations thereof. 

38. A process of claim 33. wherein prior to step e). the sample is conditioned. 

39. A process of claim 38. wherein the sample is condiuoned bv mass 

(iiifereatiation. 

40. A process of claim 38. whet«n the mass dififcrentiation is achieved by the 
mtroduction of mass modifying ftmettonaiities in die base, sugar or phosphate moietv of the 
detector oligonucleotides. 

41. A process of claim 39. wherein die mass differentiation is achieved by 
exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into DNA using mass modified deoxv-nucleosidc and/or 
dideox\-nucleoside triphosphates and RNA dependent DNA polymeiase. 

43. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3". 
deo.xynucleoside triphosphates and DNA dependent RNA polymerase. 

44. A process of claim 33. wherein after step a i. the target nucleic acid is 
replicated into DNA using mass modified deoxynucleoside and/br dideoxN-nucleosidc 
triphosphates and a DNA dependent DNA polymerase. 



45. A process of claim 33 wherein the target nucleic acid sequence is a DNA 
fmgerptint or a disease or condiuon selected from the group consisting of a genetic disease, a 



wo 9M9431 

-60- 

chronK,somaJ abnonnalio'. a gcn«c prcdisposiuon. a viral infection, a (ungal infection 
bactenal infection or a protist infection. ^ >«ecnon. a 

46. A process for detecting a target nucleic acid sequence oresent in , 
biological sample, comprising the steps of: " 

a) obtaining a nucleic acid molecule containing a tareet nucleic acid 
sequence from a biological sample: 

b) contacting the uuget nucleic acid sequence with at least one primer said 
pnmer havng y «m,inal base complemen«rit>- to target nucleic acid 
sequence: 

c) contacting the product of step b, with an appropriate polymerase enzvme 
and sequenaally with one of the four nucleoside triphosphates- 

d) ,om2mg and volatizing the product of step c);ai5 

e) detecting the produa of step d) by mass spectromet,>-. wherein the 
molecular weigh, of the produa indicates the presence or absenceof a 
mutationnext to the 3' end of the primer in the target nucleic acid sequence. 

comprising thelLps of ^^'"^ ' ^"^^ ^" " -P^- 

a) obtaining a nucleic acid molecule that contains a target nucleoude- 

b) mmiobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

c) hybridizing the immobillad nucleic acid molecule with a primer 
oligonucleotide that is complementary to the nucleic acid molecule at a site 
immediateiy 5" of die target nucleotide: 

d) contacting die product of step c) widi a complete set of dideoxvnudeosides 
or y-deoxynucleoside triphosphates and a DNa dependent DNA polvmerase 
so that only the dideoxN-nuclcoside or 3 -deoxynuclcos.de triphosphate that is 
complementary- to the target nucleotide is extended onto the primer 

e » ionizing and v olatizing the produa of step d): and 

fi detecting the primer by mass spearometr>-. to determine the identity of the 

target nucleotide, 

48. A process for detetting a muution in a nucleic acid molecule, comprisinc 

the steps of: 



a) obiaining a nucleic acid molecule: 
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e) detecung the products obtained bv mass snectmn,.,^.. u ■ 

sequence from a biological sample: 

c) .oniang and volatiang the product of step b): and 

d) detecting the ligation product by mass spectrometry and comparing the 
value obtamed with a known value to ,u '"Pannguw 
sequence. *° detemune the target nucleic acid 
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(57) Abstract 

The invention provides fast and highly accurate mass spcctpomctcr based processes for detecting a particular nucleic acid sequcnci ; 
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or chromosomal abnonnality; a predisposition to a disease or coxulition, tnfecnon by a pathogenic organism, or for determining identity a r 
heredtQr, 



* (Referred to in PCT GAxette No. S 1/1996, SccUoo Q) 



FOR TBE PURPOSES OF iNFORMATlON ONLY 



Codes used to identify 
plications under Cfae PCX. 



party ID the ICT on die firom ptges of painph^ 



AT 
AU 
BB 
BE 
BF 
BG 
BJ 
BR 
BY 
CA 
CF 
CO 
Of 

a 

CM 
CN 
CS 
CZ 
DE 
DK 
BE 
CS 

n 

FR 

GA 



Anzienii 

Amaia 

AvfnUa 



Bnrtdiu Ftto 

Bulf«ri4 

Bcoio 

BnzO 

Belim 

Canada 

Cenoit A6k«a Republic 

CwU m 

Swineriaiid 

Cted'lvon 



China 

CsechoslovakiB 
Czech RqnxUk 

DaoBafk 



CafaoQ 



GB 
GE 
GN 
GR 
HU 
IE 
IT 
JP 
K£ 
KG 
KP 

KR 

KZ 

U 

LX 

LR 

IT 

LU 

LV 

MG 

MO 

MG 

ML 

MM 



Uaittd KinidQai 

Gmjpa 

Gutaea 

GfMoe 

HiBfazy 



iiptt 
Kenya 

Oenoemic Pta^'s Republie 
of Korea 

RqwbUc of Korea 
KazxUatao 

SriLnki 
UbeiU 



Unria 
MoBan 

B«pablk of Moldova 
Mdi 



MW 


Malawi 


MX 


Ma too 


NE 


Niger 


Nl. 


Ncdiertandi 


NO 


Noiway 


NZ 


New ZaUand 


PL 


^Und 


FT 




RO 


Romaata 


RU 
SD 


RatitB FBdentkm 
Sudaa 


SE 


Swodca 


SG 


Sttigipuic 


SI 


Slovenia 


SK 




SN 


ScDegal 


sz 


Swaxibad 


TD 


Chad 


TC 


Tofo 


TJ 


Tajikuuo 


TT 


Trinidad and Tob«go 


UA 


Ukzaiae 


UG 


Utnda 


US 


Uidied Scans of Aae 


UZ 


Uitekjsaa 


VN 


VieiNam 



IM I tKNA noNAL SEARCH REPORT 



loK- '•oiul Applicaoon No 

PC I /US 96/G3651 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12Q1/68 C12Q1/70 



Accorttng to tot aiufload Pmm Qamftcttoii (tPQ to bcxto amcmi dmnonon and tPC 
B. HELPS SEARCHED 



I PC 0 C12Q 



I to the cMi that ndi doeinicntt «c oduded m Oie fidds testhed 



Bccttoiue dau base ooBsdted dunng dw i 



scaicb (amie of dau base and. where pracQGd. tcardt terns loed) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegory * 



Otafion of document, wi« lOdicaaon. when apprapnilB, of dK 



W0»A.94 16101 (KOESTER HUBERT) 21 July 
1994 

cited in the application 
see the whole document 

WO, A, 93 20236 (APPLIED BIOSYSTEMS) 14 

October 1993 

see the whole document 

JP.A,06 294 796 (HITACHI LTD) 21 October 
1994 

see figure 2 

& PATENT ABSTRACTS OF JAPAN 
voL 94, no. 10 
see abstract 



Relcvam to ctam No. 



1-49 



1-32,48. 
49 



1-32 



X] PwOwdocunwnti aitUsttd 



in ttM conaaiufton of box C 



0 



PatdtfaimJy 



Special categories of ated documems : 

A' document deTtting die gcnenl state of the art which is not 
conadered to be of paracdar relevance 

E' earlier documoit bat published on or after the intenaBonal 
filing date 

L* document which may dtrow doubts on pnonty damfs) or 
which a ated to cstaUuh dw putalicattoa date of anodier 
aUQon or other spcaal reason (as ^eciCcd) 

'O' document rcfcmng to an oral disdoenvc use, odutaiaan or 
<Mhcr means 

'P' document published pnor to the imemacociaJ filuig datt but 
later than ihc pnonty date dainwd 



Utcr documcni pubtiihed after the tntematonal Oling date 
or pnoncy dale and not m conflict with die applicaooa but 
ated to undetstaad die pnnctple or ttieory undcilyuig die 
tnventton 

•X" document of paiticuiarfrlcvance; die daimcdinvenoon 
cannot be considered novel or cannot be considered to 
involve aa invcnave step when die document u taken alone 

•y* documem of pareod ar relevance; the daimed mvenoon 
omot be eonadered to wvolve an inventive step when die 
docuRMm IS combined with one or more other such docu- 
mnits, BKh comtaiiuQOn bewg obvious u> a person stalled 
ladM ait • I- 

•A* document member of die same paicnt family 



Oaie of die aouai compteiion of the imcmaaonaJ seaich 

22 October 1996 



Date of mading of die intemabonal search report 

05. n. 96 



Name and mailing addrets of me ISA 

European Patent Office, P.B. SHI Paundaan 3 
NL . 22S0 HV Rxfswiik 
Td. ( - U.70) 340-2040. Tjl 31 6j| epo nl. 
Fax: (-31.70) 340-3016 



Auhonzed oAicer 



Molina Gal an, E 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 

(Conamuuunr UOCUMfcKTS CONSIDERED TO BE R£L£VaS7 



Ime- oful AppliettoR No 

PC I /US 96/Q3651 



Ouacmof 



doooncnt. with isKh canon. 



^PPrapnaic. of the idcvani 



US. 



SCIENCE, 

vol. 242. October 1988, LANCASTER PA 
fSS^.???-237. XPG62916560 * 
LAMOEGREN ET AL.: "DNA 

see the whole document 

ANALYTICAL BIOCHEMISTRY, 
vol. 169, 1988, NEW YORK US 
page 1-25 XPe02ei6561 

MAHHEWS ET AL.: "Analytical strateaies 
for the use of ONA probes" ""^"^^es 
see the whole document 

JJlI's^^Sr^'^^"'"^"*' "^^^ SPECTROHETRY. 
page 183-186'xpG006G8266 ' 

Cited in the application 
see the whole document 

EP.A.0 412 883 (BERTili"i CIE) 13 February 
see cliaiffls 

W0.A.92 15712 (MOLECUUR TOOL) 17 
September 1992 ■ 
see example 1 

Journal'of mass spectrometry 

AND ION PROCESSES, ^ftt iKuntTRY 

vol. 131, no. 1/G3. 24 February 1994 
pages 335-344. XPG9G446273 * 
WILLIAMS P: "TIME OF FLIGHT MA« 
SPECTROMETRY OF dJa [aSEr3SlX?E0 FROM 
FROZEN AQUEOUS SOLUTIONS: APPLICATiS in 
THE HUMAN GENOME PROJECT' TO 
see page 341, right-hand coluim. oaraaranh 
2 - page 342. left-hand coluJ^VSJ^SSSh 



-/- 



Poim PCT,iIA.1i(l lamutHuUoi, t 



•iwMl Uiilii i$n) 



iUl«vimtocliim No, 



1-49 



1-18, 
33-45.48 



33-45 



46,47 

46,47 

46,47 

48 

1-49 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



C^CoitoniiaAoo) DOCUMENTS CONSIDERED TO BE RELEVANT 



Inir- *'atul Appitcaion No 

PC I /US 96/03651 



Catcfory 



Quoon of doevacni, iMih mAcsDan. wtm appropiuic of (be itttvaat puuga 



Retevui to dtun No. 



P.X 



NUCLEIC AC IDS RESEARCH, 
vo]. 23, no. 16, August 1995. OXFORD 
pages 3126-3131. XP002ei6562 
TANG ET AL. : 'MALOI -MS of inmobi 1 i sed 
duplex DNA probes" 
cited In the application 
see the whole document 



6B. 



1-49 



Farm PCT-ISAllO icDflUMioaA of i 



I MhmM} (July 1H2> 



page 3 of 3 



■rnauonal applte»uon N<i 



Box I Obiaifttims whse 



INTXR.NATIONAL SEARCH REPORT 

PCT/US 96/03651 



Thu InternMiocttl Search Rcpori hu 



nai b«n «ubliAed in «p« of om«n claim, i 



Q Ciaiixu Nox^ 

*>«aw« they reUu to subject 



of first sheet) 
under Anide 17pxa) for Uie foUowmg 

matier not required CO be -arcw by UlU Auihor^^ 



n OaanxNou 



D aaiiwwos^- 

*ey «« dependem cUims and 



we not drafted i, acoortwoe with the 



«nd third ttmeoces of Rule 6,4<a). 



Ofaiervfttioas 




™. international Searching Authority found muluple invenuon. in Uu. 

1- claims 1-32 

2. claims 33-45 

3. claims 46-47 

4. claims 48-49 



ofileni 2 of first sheet) 
iwtniaaonii a«)Ucation, as foUows: 



See continuation-sheet PCT/ISV210 



Q Asm 



t^^e"L^^ f« ^ely paid by the apphcan. 



2. 



•to Cmetuiional Seireh lUpbrt eovcri .n 
i««iry«« « ft.. did n« i„v<u 



^* D ^ '^'^ Of ^ required addiuoiuf ».#^ r— 

coven on., cHo. ^^St^'^:^^ UUs ,„^.o«, s««K 



I 1 »dditional search fees ^ 



' «*ompanied hy ihe applicant's prottst 
proieii accompanied che | 



■ payment of additional search fees. 



'^orm PCT;isa.-210 (coniinuaiioft off^ 



«heei(l)) (July 1992) 



W0-A-94161Q1 



W0-A-932e236 



JP-A-06294796 
EP-A-41288r ' 



W0-A-921S712 



WO-A-91 13875 



21-07-94 



14-16-93 



21-16-94 
13-62-91 



17-69-92 



85-69-91 



WO-A-91156a0 



AU-A- 
CA-A- 
EP-A- 

US-A- 

US-A- 
EP-A- 
EP-A- 
JP-T- 
JP-T- 
WO-A- 
US-A- 

NONE 

FR-A- 
AO-A- 
CA-A- 
WO-A- 
JP-T- 

AU-B- 
AU-A- 
CA-A- 
EP-A- 
JP-T- 

AU-B- 
AU-A- 
CA-A- 
OE-T- 
EP-A- 
ES-T- 
HU-6- 
IL-A- 
JP-T- 



5992994 
2153387 
9679196 
5547835 

5476705' 

6636186 

8635069 

7505529 

8564082 

9320239 

5514543 



2650840 
6180190 
2038932 
9162087 
4562862 

660173 
1584892 
2165660 
0S76558 
6505394 

642709 
7235191 
2071537 

648280 
0648280 
2072235 

211058 
97222 
5504477 



17-16-91 



15-68-94 

21- 07-94 
62-11-95 
20-08-96 

28-11-95' 

61-02-95 

25-01-95 

22- 06-95 
07-05-96 
14-10-93 

07-05-96 



15-02-91 

11- 03-91 

12- 02-91 
21-02-91 
28-05-92 

15- 06-95* 
06-10-92 
06-09-92 

" 05-01-94 
23-06-94 

28-10-93' 

18- 09-91 
17-08-91 
30-11-95 

19- 04-95 

16- 07-95 

30- 10-95 

31- 08-95 
15-07-93 



i"±...,:!f?e9i a^Iio'Iir 



'owi PCTtSA. 210 



■NTCRNATIONAL SEARCH REPORT 

imwnanenai Application no. PCT/US 96/ 03651 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ i.o 



^ * ^^^^l ""'^^^^'^ ^"^'^ determining with mass 

?rSr ?«ir^«^ fi'''"*"??*,*'!^* P'-^^^ ^^^^^ has hybridised 

to the (optionally amplified) target nucleic acid sequence 



^" «^;lJ!!l*i!^!f * ^^r^*^ ""J'^^'^ *»y analysing with mass 
uJS^r^ fragments resulting from specific digestion of the 

3, Method of detecting a target nucleic acid by determining with mass 
prImJj"' ""^ ^ nucleotide elongation of a Urget specific 

Method of detecting a target nucleic acid by analysing with mass 
Iplcifirjrobi '^^P*"^*"* ligation or restriction of a target 

lii^JE ^^^^ consideration the balance between the necessary search effort 
his ^t^^^l"*:!^ International Searching Autfomy 

has decided to search all the inventions present In the application 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE cut OFF AT TOP, BOTTOM OR STDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR-BLACK AND WHITE PHOTOGRAPHS 

□ GRA^CALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LINES OR MARKS ON ORIGINAL DOCUMENT 



